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Cardiac Pacing 





l. SAFETY 





InterLith-RP The safe response to changing 


rate requirements. 


The InterLith-RP rate programming system is more 
thansimple and straightforward. It is fail-safe. 

When you program one ofthe InterLith-RP's nine pro- 
grammable pulse rates, your heart pacing decision 
goes into effect instantaneously. And it doesn't change 
until you change it. Aspecial fail-safe feature, which 
requires the occurrence of two simultaneous electrical 
events for programming totake place, safeguards 
against accidental reprogramming. 

The InterLith-RP combines safety with Intermedics 
pacemaker reliability to give you control and confi- 
dence in your heart pacing decisions. 

Safety is just one important reason to put your confi- 
dence in the InterLith-RP 


InterLith®is a registered trademark of Intermedics, Inc., Freeport, TX. 
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ore Port Ability 


(Highly efficient combination filter too.) 


The WILLIAM HARVEY Cardiotomy 
Reservoir with Filter H-700F comes with 
four 1/4-inch return ports. That means it can 
accommodate one or two more extra suction 
lines than other available cardiotomy reser- 
voirs, without the inconvenience of extra 
connectors. But that's not the only advan- 
tage of the H-700F. It has a rapid prime port 
which bypasses the microaggregate filter 
through the defoamer for the return of left 
ventricular vent blood, or the quick introduc- 
tion of solutions that don't require micro- 
aggregate filtration into the extracorporeal 
circuit the only cardiotomy reservoir avail- 
able with this capability. And it holds up to 
2500 ml of blood. Again, more than any other. 

In addition, the H-700F provides excellent 
blood and air separation through a unique 
tangential entry circuit, and has a highly effi- 
cient combination depth and 20 micron screen 


filter system. Made of clinically proven poly- 
carbonate, thoroughly tested for toxicity and 
biocompatibility, the H-700F will easily adapt 
to your present pump system with the use of 
the H-750 Adjustable Holder. 

Also available: the H-700 Cardiotomy 
Reservoir, with all the professional features 
of the H-700F, but without the microaggre- 
gate filter. 

For more information contact your 
WILLIAM HARVEY Representative, or call 
WILLIAM HARVEY, Division of C.R. Bard, 
Inc., 1425 South Village Way, Santa Ana, 
California 92705. Call toll free: 800/854-3917. 
In California, 714/835-2422. 


Professional products 
for professionals 


WILLIAM 'HARVEY? 
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23x11: 21-8 


fou Can Interrogate 


Lead Impedance 
Battery Impedance 
Battery Current 


Print Out 
ou Can Interrogate —For Your Files 


and Program 
Rate Sensitivity Two-Way Telemetry 


Amplitude Refractory Period —Pacer Talks to Programmér 
Pulse Width Hysteresis and Programmer Talks to P 


ONLY PROGRAMALITH HAS THEM ALL 


o 
Pacesetter Systems, Inc. 


Where Reliability Is a Way of Life ™ 
Call today toll free (800) 423-5611 (in California call collect (213) 367-1911) 
12740 San Fernando Road, Sylmar, California 91342 USA * Telex: 698415, Cable: PACESETTER 
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Depth marks Beveled connector Permanent angle Puncture site, no 
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Argyle sets the standard... nine out of ten disposable chest tubes used 
are Argyle catheters. Thin-wall Argyle catheters, made of thermo- 
sensitive, non-porous, non-pyrogenic, transparent vinyl, have satin- 


smooth eyes and tips. Packaged sterile in sturdy Rigidpaks. 


For added convenience and safety, use Argyle catheters 
with Argyle "Double-Seal""" chest drainage unit, shown else- 
where in this journal. 


Ask your Argyle representative about a trial evaluation of 
the most complete line of thoracic catheters available or 
write department A.K. for additional information. 
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The search for 
the perfect pacemaker 


shape has finally 
turned the corner. 


It should come as no surprise to you that a number of pacemakers 
have taken on some pretty strange configurations. 

In the final analysis, though, there can be only one ultimate 
shape. An optimum design. Biocompatibility superior to all others. 

Introducing our S 3000. It comes with a small connection 
that provides an optimum lead exit angle free of harsh bends. It is a 
connection that is an integral part of the total shape. Not an obvious 
afterthought. 

The S 3000 has softly rounded, high radius edges and cor- 
ners. That’s important for a pacemaker. After all, sharp edges can 
be traumatic. And they can cause pocket erosion. 

Actual Size. me The gently curving, rectangular 
ERES. | shape of the S3000, plus its very low 
density, minimizes rotation and the eee iei ee Gans 
| capstan effect. Which leads us to has softly rounded edges — the ultimate 
| our point. pacemaker shape. 

At Vitatron, the challenge to us goes well beyond making a 
pacemaker that is electronically and technologically superior. It’s 
biocompatibly superior, too. 

If you would like to learn more about the S 3000, write to 
us. Vitatron Medical b.v., PO. Box 76, Kanaalweg 24, Dieren, 
The Netherlands. In the United States: Vitatron Medical Inc., 
One Gateway Center, Newton, MA 02158. 





© 1979 Vitatron Medical Inc. 
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ZR Whe a low S.M.I. 
— starting flow rate is 
desired; the patient raises 
only the Ball in the first chamber. 
_ The resting position of the second 
“chamber Ball indicates that the desired flow rate has not been 
significantly exceeded. When a higher S.M.1. flow rate ts appropriate, 
the patient raises the balls in both the first and second chambers. 
The third chamber ball, at rest, then acts as the monitor. 





Incentive __ 
Deep-Breathing 
Exerciser 


it r The postoperative loss of spontaneous deep breaths (th 
'MOonI O e sigh or yawn), can contribute to atelectasis, pneumonit 
and hypoxemia — major respiratory complications of 
ew SMI. abdominal and thoracic surgery!? 
Sustained Maximal Triflo I! provides a unique, lightweight monitoring syste 
Inspiration for slow S.M.1. When used as directed, Triflo II supports 
“the most efficacious maneuver available for preventi 
and reversing alveolar collapse’? with minimal risk of 


“gross over-distention and possible rupture of patent 
alveoli during maximal hyperinflation’? 


Approximate measurement of patient progress can be 
measures made and recorded by charting volume inspired per 
4 > second: light blue (600 cc/sec)*; medium blue 
patient (900 cc/sec)*; dark blue (1200 cc/sec)* 
The physician, therapist or patient can evaluate progre! 
PIBSTESS quickly and efficiently, at a glance. 
*Volume inspired/ Time (sec.) 
» » | | | 
t tes Triflo II is designed simply and attractively to enable 
mo AA patients, physicians and therapists to observe individu: 
: improvement through the use of the three chamber 
with three- system. Lightweight, economical, compact, easy to 
assemble, easy to use...requires minimum instruction, 


chal i Der minimum supervision ...ideal in the hospital or at home 
* 
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surgical supply distributors Hospital Products Division, Greenwich, Connecticut 0683 








Cardiac Pacing 





«. SIMPLICITY 











InterLith -RP The simple response to changing 


rate requirements. 


InterLith-RP's straightforward rate programming 
system gives you the power to respond to your patients' 
changing rate requirements simply, safely, and non- 
invasively. Nine programmable pulse rates ranging 
from 51to 120 ppm put the pacing decision where it 
should be: in your hands. 

The uncomplicated InterLith-RP system, available 
with both unipolar and bipolar pacemaker models, lets 
you alter pacemaker rate with a simple Programming 
Wand and Programmer. The rate is incremented in single 
steps from one value to the next by simply depressing the 
programming button with the Programming Wand over 
the site of the implanted pacemaker. 

The InterLith-RP combines simplicity with 
Intermedics pacemaker reliability to give you control 
and confidence in your heart pacing decisions. 

Simplicity isjust one important reason to put your 
confidence in the InterLith-RP 


InterLith® is a registered trademark of Intermedics, Inc., Freeport, TX. 
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MANDOL/^ 


Cefamandole Nafate 


Brief Summary. Consult the package literature for prescribing information. 


Indications and Usage: Mandol is indicated for the treatment of serious infec- 
tions caused by susceptible strains of the designated microorganisms in the 
diseases listed below: 

Lower respiratory infections, including pneumonia caused by Streptococ- 
cus pneumoniae (Diplococcus pneumoniae), Haemophilus influenzae, 
Klebsiella species, Staphylococcus aureus (penicillinase and non- 
penicillinase-producing). beta-hemolytic streptococci, and Proteus 
mirabilis 

Urinary tract infections caused by Escherichia coli, Proteus species (both 
indole-negative and indole-positive), Enterobacter species, Klebsiella 
species, group D streptococci (Note: Most enterococci, e.g., S. faecalis, 
are resistant), and S. epidermidis 

Peritonitis caused by E. coli and Enterobacter species 

Septicemia caused by E. coli, S. aureus (penicillinase and non-penicillinase- 
producing), S. pneumoniae, S. pyogenes (group A beta-hemolytic 
streptococci), H. influenzae, and Klebsiella species 

Skin and skin-structure infections caused by S. aureus (penicillinase and 
non-penicillinase-producing), S. pyogenes (group A beta-hemolytic 
streptococci), H. influenzae, E. coli, Enterobacter species, and P mirabilis 

Clinical microbiologic studies in nongonococcal pelvic inflammatory dis- 
ease in females, lower respiratory infections, and skin infections frequently 
reveal the growth of susceptible strains of both aerobic and anaerobic orga- 
nisms. Mandol has been used successfully in these infections in which several 
organisms have been isolated. Most strains of Bacteroides fragilis are resistant 
in vitro. however, infections caused by susceptible strains have been treated 
successfully. 

Specimens for bacteriologic cultures should be obtained in order to isolate 
and identify causative organisms and to determine their susceptibilities to 
cefamandole. Therapy may be instituted before results of susceptibility studies 
are known; however, once these results become available, the antibiotic treat- 
ment should be adjusted accordingly. 

In certain cases of confirmed or suspected gram-positive or gram-negative 
sepsis or in patients with other serious infections in which the causative orga- 
nism has not been identified, Mandol may be used concomitantly with an 
aminoglycoside (see Precautions). The recommended doses of both anti- 
biotics may be given, depending ontheseverity ofthe infection and the patient's 
condition. The renal function of the patient should be carefully monitored. 
especially if higher dosages of the antibiotics are to be administered. 

Antibiotic therapy of beta-hemolytic streptococcal infections should con- 
tinue for at least ten days. 


Contraindication: Mandol is contraindicated in patients with known allergy to 
the cephalosporin group of antibiotics. 


Warnings: BEFORE THERAPY WITH MANDOL IS INSTITUTED, CAREFUL IN- 
QUIRY SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS 
HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, 
PENICILLINS, OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN CAU- 
TIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMON- 
STRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. SERIOUS 
ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 

In newborn infants, accumulation of other cephalosporin-class antibiotics 
(with resulting prolongation of drug half-life) has been reported. 


Precautions: Although Mandol rarely produces alteration in kidney function, 
evaluation of renal status is recommended, especially in seriously ill patients 
receiving maximum doses. 

Prolonged use of Mandol may result in the overgrowth of nonsusceptible 
organisms. Careful observation of the patient is essential. If superinfection 
occurs during therapy. appropriate measures should be taken. 

Nephrotoxicity has been reported following concomitant administration of 
aminoglycoside antibiotics and cephalosporins. 

A false-positive reaction for glucose in the urine may occur with Benedict's 
or Fehling's solution or with Clinitest* tablets but not with Tes-Tape* (Glucose 
Enzymatic Test Strip, USP. Lilly). There may be a false-positive test for pro- 
teinuria with acid and denaturization-precipitation tests 

Usage in Pregnancy — Safety of this product for use during pregnancy has 
not been established. 

Usage in Infancy — Mandol has been effectively used in this age group. but 
all laboratory parameters have not been extensively studied in infants between 
one and six months of age; safety of this product has not been established in 
prematures and infants under one month of age. Therefore, if Mandol is ad- 
ministered to infants, the physician should determine if the potential benefits 
outweigh the possible risks involved. 


Adverse Reactions: Hypersensitivity — Maculopapular rash, urticaria, eosino- 
philia, and drug fever have been reported. These reactions are more likely to 
occur in patients with a history of allergy, particularly to penicillin. 

Blood —Neutropenia and thrombocytopenia have been reported rarely 





Some individuals have developed positive direct Coombs tests during treat- 
ment with the cephalosporin antibiotics. 

Liver — Transient rise in SGOT, SGPT, and alkaline phosphatase levels has 
been noted. 

Kidney— Decreased creatinine clearance has been reported in patients 
with prior renal impairment. As with some other cephalosporins, transitory 
elevations of BUN have occasionally been observed with Mandol; their fre- 
quency increases in patients over 50 years of age. In some of these cases, 
there was also a mild increase in serum creatinine. 

Local Reactions — Pain on intramuscular injection is infrequent. Thrombo- 
phlebitis occurs rarely. 


Administration and Dosage: Dosage — Adults. The usual dosage range for 
cefamandole is 500 mg to 1 gm every four to eight hours 

In infections of skin structures and in uncomplicated pneumonia, a dosage 
of 500 mg every six hours is adequate. 

In uncomplicated urinary tract infections, a dosage of 500 mg every eight 
hours is sufficient. In more serious urinary tract infections, a dosage of 1 gm 
every eight hours may be needed 

In severe infections, 1-gm doses may be given at four to six-hour intervals. 

In life-threatening infections or infections due to less susceptible organisms, 
doses up to 2 gm every four hours (i.e., 12 gm per day) may be needed 

Infants and Children: Administration of 50 to 100 mg/kg/day in equally 
divided doses every four to eight hours has been effective for most infections 
susceptible to Mandol This may be increased to a total daily dose of 150 mg/kg 
(not to exceed the maximum adult dose) for severe infections. (See Warnings 
and Precautions for this age group.) 

Note: As with antibiotic therapy in general, administration of Mandol should 
be continued for a minimum of 48 to 72 hours after the patient becomes 
asymptomatic or after evidence of bacterial eradication has been obtained; a 
minimum of ten days of treatment is recommended in infections caused by 
group A beta-hemolytic streptococc' in order to guard against the risk of rheu- 
matic fever or glomerulonephritis; frequent bacteriologic and clinical ap- 
praisal is necessary during therapy of chronic urinary tract infection and may 
be required for several months after therapy has been completed; persistent 
infections may require treatment for several weeks; and doses smaller than 
those indicated above should not be used 

Impaired Renal Function — When renal function is impaired, a reduced 
dosage must be employed and the serum levels closely monitored. After an 
initial dose of 1to 2 gm (depending on the severity of infection), a maintenance 
dosage schedule should be followed (see chart). Continued dosage should 
be determined by degree of renal impairment, severity of infection, and 
susceptibility of the causative organism 


MAINTENANCE DOSAGE GUIDE 
FOR PATIENTS WITH RENAL IMPAIRMENT 


Life-Threatening 
Infections — Less Severe 
Renal Function. || Maximum Dosage Infections 


2 gm 1-2 gm 
| wm | Mm | m 
0 75-1.5 gm 
q6h 
0.75-1.5 gm 
q8h 
O 5-1 gm 
q8h 


05-075 gm 
q 12h 


OR O a 
075gmq 12h a 


When only serum creatinine is available. the following formula (based on 
sex, weight. and age of the patient) may be used to convert this value into 
creatinine clearance. The serum creatinine should represent a steady state 
of renal function 


Creatinine Clearance 
(ml/min/1 73 m?) 


Mild Impairment 


Moderate 
Impairment 


Severe 
Impairment 


Impairment 


Weight (kg) x (146 — age) 
72 < serum creatinine 
Females 0.9 x above value 
How Supplied: Vials Mandol* (cefamandole nafate, Lilly), for Injection, 500 mg 
and 1 gm (equivalent to cefamandole activity), 10-ml size, in. packages of 1 and 
Traypaks™ (multivial cartons, Lilly) of 25. 2 gm (equivalent to cefamandole 
activity), 20-ml size. in packages of 1 and Traypaks of 10: 1 and 2 gm (equiva- 
lent to cefamandole activity), 100-ml size, in Traypaks of 10 [101378] 


Lilly 


900340 


Males 


Additional information available 
to the profession on request 


Eli Lilly and Company 
Indianapolis, Indiana 46206 
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Experience has no substitute. 

Even the best training is incomplete if it’s not 
blended with on-the-job experience. This is 
especially true with extra-corporeal tubing. 
You depend on performance, not theory. 

Tygon tubing is a true veteran. And the 
knowledge we've gained is irreplaceable. Our 
highly-trained bio-engineers are continuously 
examining ways to improve on today’s tech- 
nology. And their expertise is well-tempered 
by more than 25 years of service to the medical 
profession. 



























Consistency is our hallmark. 

The time to discover off-grade tubing is at 
our facilities, not yours. That’s why the scrupu- 
lous care with which we manufacture Tygon 
tubing extends throughout our rigid quality 
control process. 

Norton employs dozens of intense quality 
control checkpoints, each documented to pro- 
vide complete traceability. Sophisticated 
instrumentation assures total uniformity of 
physical quality. Which means you can de- 
pend on Tygon tubing to provide consistently 
excellent service. 






Supple yet strong 
— the perfect blend. 








Tygon S-50-HL tubing is specifically formu- 
lated for the rigors of extra-corporeal pumping. 
Each ingredient is carefully selected to provide 
superior characteristics, such as good memory 
and resistance to spallation and rupture. 

The result is a tubing that combines the 
strength and durability required to withstand 
hours of pump abuse, with the flexibility need- 
ed for superior pumping performance . . . the 
best of both worlds. 





Laser-extruded 


for precision tolerances. 

To assure uniform inner and outer diam- 
eters, Norton employs sophisticated laser mi- 
crometers, which continually monitor the tub- 
ing as it is extruded, and can sense dimensional 
variances up to + .0004". 

More importantly, these closed-loop feed- 
back laser systems actually control the extru- 
sion process for total uniformity. This helps 
prevent weak spots in the tubing wall, prime 
candidates for rupture. Plus, uniform tubing 
dimensions mean that flow rates can be more 
precise. 













Tested for biocompatibility to 


Class VI standards... and beyond. 

Tygon S-50-HL tubing has been extensively 
tested and documented for biocompatibility 
ever since its inception. Every batch of raw ma- 
terial is quarantined and rigorously tested by an 
independent laboratory before production can 
begin. 

Tests include those for acute toxicity, acute 
intracutaneous reactivity, intramuscular reac- 
tivity, pyrogenicity and neuroloaical reaction. 
Any evidence of any trouble from any test and 
the entire batch of raw material is rejected. 





For your further assurance, we test Tygon 
tubing beyond what is required. We also test it 
for ethylene oxide residue, for hemolysis, for 
in-vitro coronary perfusion — including coro- 
nary flow rate, and myocardial contractibility, 
and in-vivo blood pressure determination. 
Again, if one ounce of trouble appears, all 
material is rejected. 
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The assurance 
of Tygon tubing. y 


Demand it. 






Don’t be misled by claims of 
parity. There is only one tubing 
with more than 25 years of consis- 
tently excellent service backed up 
by a billion-dollar company . . . 
Tygon tubing. 

So you can be sure that you're 
using Tygon S-50-HL tubing, we 
brand every foot with formulation 
and size. If the tubing you use 
doesn't have these distinctive 
markings along its side, its not 
genuine Tygon tubing. 









There’s no need to sacrifice the 
assurance and dependability that 
Tygon tubing brings to enjoy the 
convenience of pre-made heart- 


lung packs. All you need to do is 
specify it — by name. 


Tygon tubing... 
the vital link 
between patient and pump. 





Call toll-free 1-800-321-9634 
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The Isotopic Cardiac Pacemaker, - 
Andrew A. Gage, M.D. "y = 


In this issue of The Annals ip 14), Dr: Smyth 
and his associates report their experience-with 
59 patients with isotopic pacemakers and-com- 
pare the results with those obtained in 77 con- 
trol patients with conventional pacemakers: As 
they pointed out, the two groups’ were not 
comparable but some conclusions and recom- 
mendations were thought to be justified. No 
pulse generator failures occurred in the group 
with isotopic pacemakers whereas malfunc- 
tions were observed in the control group. The 
authors suggest that an isotopic pulse generator 
be considered for every patient with a life ex- 
pectancy of 10 years or more in spite ofthe still 
existing restrictive and cumbersome protocols 
required for licensing by the United-States Nu- 
clear Regulatory Commission. This recom- 
mendation deserves careful consideration but, 
in practice, the licensing requirements and the 
amendments now under consideration could 
well curtail the physician's and patient's access 
to what may be the treatment of choíce in a 
given patient. 

The first implantation of a plutonium 238- 
powered pacemaker (Mectronic, Alcatel 9000) 
was performed in France in 1970 by Laurens 
and Piwnica [2]. The design life of the device 
was 10 years, a modest goal but far better than 
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months obtainable from the mercury cell pace- 
makers available at the time. The capsule con- 
taining the fuel (150 mg of a plutonium alloy) as 
well as the entire hermetically : 'sealed pulse 
generator housing had been submitted to ex- 
tensive tests simulating credible accidents such 
as vehicle collision, airplane crash, collapse of a 
building, gunshot wound, drowning, burial, 
and cremation. The containment of the fuel 
under these stresses met the specifications of 
the regulatory agencies. The level of radiation 
on the surface of the device was safe; for in- 
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stance, With a pulse generator placed in the 
pectoral position, the annual dose to the torso 
equaled that of the natural radiation back- 
ground in the United States and was far less 
than the exposure resulting from diagnostic 
radiological examinations. 

In 1972, our group was licensed by the Nu- 
clear Regulatory Commission, and in July of 
that year we implanted an isotopic pulse 
generator (Medtronic) in a patient in whom we 
had originally used a conventional pacemaker 
(July, 1960) [1]. The protocol required a life ex- 
pectancy of 10 years, provisions for follow-up 
at three-month intervals, identification 
bracelet for the patient, consent for removal of 
the pacemaker in case of death, and account- 
ability” for all devices used. Subsequently, 
isotopic pulse generators became available from 
other manufacturers (Arco, Cordis, and 
Coratomic). Today, two models (Cordis and 
Coratomic) can be considered to be second- 
generation devices comparable in size and 
weight to conventional pacemakers. Our clini- 
cal experience with isotopic pacemakers has 
been comparable to that of Smyth and his col- 
leagues, except that we have noted a higher in- 
cidence of electrode problems. 


an 


- In 1975, the Nuclear Regulatory Commission 
prepared an environmental impact statement 
(released in 1976) in which it was concluded 
that the benefits of the isotopic pulse generator 
outweigh the risks to the patient and the envi- 
ronment. However, the restrictions of licensure 
were not lifted and remained a deterrent to 
clinical use. In 1977, the commission proposed 
a rule.change (announced in the Federal Regis- 
ter) to authorize routine clinical use of isotopic 
pacemakers. Evaluation of this change is still 
under consideration, especially in regard to the 
advances that have been made in battery tech- 
nology, the lithium-iodine battery in particular, | 
which led to construction óf.the hermetically 
sealed, longer-lived- ;pulse" gefierators. 

Since 1972, approximately} two hundred hos- 
pitals have been. lyeerised fo- implant isotopic 
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pulse generators for limited investigational use. 
We were fortunate to obtain the data on two 
pacemakers reported to the Nuclear Regulatory 
Commission by Medtronic and Coratómic: 618 
pacemakers, Model 9000 (Medtronic), and 377 
of the 100 Series (Coratomic). Eight failures 
have occurred in the Medtronic devices and five 
in the Coratomic. These numbers expressed in 
statistical terms amount to a failure rate of 
0.0596 of units per month at a 9096 confidence 
level (Coratomic) and 0.0796 per month at a 
9596 confidence level (Medtronic). This random 
electronic failure rate (no failure was related to 
the power source per se) is far below the failure 
rate observed in the control series and is well 
below the 0.1596 rate per month considered to 
be acceptable by the Nuclear Regulatory Com- 
mission. It is quite clear that the reliability of 
the isotopic pulse generator has been excellent. 
It is also clear that the paperwork for protocols 
and reports has been burdensome. 

With respect to safety, follow-up, and re- 
trieval of isotopic pulse generators, the record 
has been flawless. It is difficult to envision any 
potential risk to the general public. The greatest 
probable risk is that of burying a patient with- 
out removing the pulse generator—a trivial risk 
compared with those of the disposal of radioac- 
tive waste materials and the threat of nuclear 
arms. | 

At present, virtually all implanted pulse 
generators are powered by lithium-iodine bat- 
teries, some of which have reached a proven 
8-year life. We have used programmable 
lithium-powered pulse generators, which at a 
low-output setting have a potential life expec- 
tancy of about 12 years. However, there are 
many other models in use (aiming at being the 
smallest, thinnest, and lightest device) with a 
calculated average life of about 7 years. Reduc- 
tion of size is obviously desirable but the pres- 
ent devices are already so small that this crite- 
rion has become almost meaningless. It is 
certainly possible to design a lithium pacemaker 
of acceptable dimensions and a potential life of 
20 years. However, that is a far cry from the 
77-year calculated life of the isotopic device 
(Coratomic 100). Furthermore, the decay of the 
radioactive fuel is accurately predictable; the 
future behavior of any chemical system is not. 


No:1 July 1979 


The mortality of a pacemaker population is 
estimated to be 5096 at the 5-year point; there- 
fore). E -year device would meet the require- 
ments of the majority of patients. This argu- 
ment, although fallacious in certain respects, is 
certain to, weigh heavily in the deliberations of 
the Nuclear Regulatory Commission. It is cer- 
tain that a lifetime isotopic pulse generator 
would be the first choice for some percentage of 
the patients, although this percentage remains 
to be determined. 

If àn isotopic pacemaker were to be consid- 
ered for every patient less than 60 years old, the 
demand could not be met. It is important, how- 
ever, to preserve the option of the availability of 
such a device without overregulation and to 
place the decision as to which patients might 
best benefit into the hands of the physicians 
and surgeons, where it properly belongs. As- 
sessments of the cost/benefit ratio are becoming 
increasingly important in the practice of medi- 
cine. An isotopic device costs $6,000 compared 
with an average price of $2,800 for a program- 
mable lithium-powered unit. Up to now, re- 
trieval of isotopic units was important for the 
purpose of checking the function of the device 
and to control disposal. Now that function has 
been demonstrated, in the future it would seem 
that after nondestructive testing and refur- 
bishing, reuse of devices may well become im- 
portant. These considerations as well as the 
avoidance of costly repeat operations lead to the 
conclusion that economic considerations favor 
the greater initial investment represented by 
the isotopic pacemaker. 

In conclusion, I wish to emphasize that it is 
important that the option to use an isotopic 
pacemaker be kept open, that its use not be 
foreclosed or severely restricted by unnecessary 
cumbersome regulatory protocols, and that the 
decision as to who might benefit from this 
pacemaker be entrusted to the medical profes- 
sion. 
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Carcinoma in the Superior Pulmonary Sulcus 
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In “Carcinoma of the Superior Pulmonary Sul- 
cus” (this issue, p 44) Drs. Miller, Mansour, and 
Hatcher confirm the improved results of..com- 
bined preoperative irradiation and extended 
resection for tumors in this peculiar location. In 
their series of 26 patients they adhered to Pan- 
coast’s precise definition for tumors in this spe- 
cific anatomical location and, in general, fol- 
lowed the protocol used et Baylor University 
Medical Center for management of this difficult 
and painful lesion. With this protocol, a 35% 
survival rate at 5 years was achieved at Baylor. 

The authors did not use mediastinoscopy in 
the original evaluation of the patient although 
their results reveal no survivors at 3 years for 
patients with hilar or mediastinal node in- 
volvement. All of their long-term survivors 
were patients without nodal metastases. The 
same experience in our own series has led us to 
include mediastinoscopy routinely in all initial 
evaluations. Scalene node biopsy is.not done 
unless palpable nodes are found. 

As is true for carcinomas in any location, the 
extent of the tumor and the stage of nodal in- 
volvement are the dominant factors in prog- 
nosis. By definition, carcinomas in the superior 
pulmonary sulcus are T3 lesions and if hilar or 
mediastinal nodes are involved, they are N2 
Stage III lesions by the TNM classification for 
carcinomas of the lung.” As is true for any loca- 
tion in the lung, patients with T3 N2 lesions do 
not survive more than 2 years. Computerized 
axial tomography is of great value in the deter- 
mination of the extent and location of involve- 
ment of the ribs, paraspinal region, and verte- 


brae. Mediastinoscopy to determine tlie stage of 


nodal involvement is pertinent to the clinical 
pretreatment staging of the patient with a car- 
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cinoma. “in the superior pulmonary sulcus. 
Metastases to scalene or mediastinal nodes in- 
dicate survival of little more than 1 year, but 
palliative extended resection for relief of pain 
after irradiation may be justifiable in selected 
patients. 

By means of preoperative irradiation, the ex- 
tent of the tumor can be modified so that the 
lesion is better localized and thus more com- 
pletely resectable, with improved results but 
without increased morbidity. The tumor dose 
used is.3,000 rads given in 10 fractions over 
twelve_elapsed days. In general, the effects of 
irradiation in pathological specimens can be 
correlated with survival after extended resec- 
tion three weeks following completion of radi- 
ation therapy. In a retrospective study of pa- 
tients without nodal involvement, those with 
complete sterilization without demonstrable re- 
sidual viable tumor in the chest wall did well. 
Those with involvement of the chest wall by 
fibrosis and inflammation but no evidence of 
viable tumor at that level did well also, but 
those with viable tumor in the chest wall with- 
out irradiation effects did poorly. 

In our series of 107 patients with demon- 
strated carcinomas in the superior pulmonary 
sulcus, 68 patients (64%) underwent combined 
preoperative irradiation and extended resection 
from 1956 to 1978. Of these, 64 completed the 
treatment through 1977. Twenty-two patients 
survived 3 years, and 19 of 59 patients eligible 
survived more than 5 years. Of these 19 pa- 
tients, 13 survived more than 10 years and 7 
more than 15 years. Calculated by the actu- 
arial method, the survival rate at 5 years was 
35% for all patients and 44% for those without 
nodal involvement. In the group with involve- 
ment of hilar or mediastinal nodes (2396), only 2 
of 15 patients survived 1 year and none 2 years. 
Bone involvernent, present in about half of the 
patients, indicates a serious prognosis, but 
about 1 in 4 of the 5-year survivors had bone 
involvement. 

The rationale for and the consistent results of 
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A Look at the Past 


Will C. Sealy, M.D. 
Drs. George, Leonardi, and Overholt - (this 
issue, p 48) reviewed the 40-year experi=nce at 
the Overholt Clinic with surgical treatment of a 
chronic pulmonary suppurative disorder, bilat- 
eral bronchiectasis. This disease requires care- 
ful preoperative preparation, meticulous sur- 
gical technique, and devoted and intense 
postoperative management. During the time 
covered in this report, astounding progress 
was made in the treatment and prevention of 
pulmonary infections, both pyogenic and acid- 
fast. This achievement, particularly with re- 
gard to tuberculosis, is very likely the zreatest 
accomplishment of medicine in this century, 
and, unquestionably, changed the prectice of 
thoracic surgery because the basis on waich the 
speciality was formed abruptly disappeared. 
Each period in this 40-year experience 
and the number of patients operated on in 
each serve as a marker of the step-by-step 
progress in the control of infection in 
thoracic surgery. From 1937 through 1947, a 
time when only the sulfonamides were avail- 
able and blood banks were poorly developed, 
only 17 patients were selected for cperation 
from what must have been a large population of 
patients with bilateral bronchiectas:s. Then 
from 1948 through 1957, when penicillin and 
other antibiotics became available end after 
blood banking had beer established by the 
World War II experience, the authors report op- 
erations on 56 patients, with only 1 death. In 
the next two decades, the experience zonsisted 
of only 13 patients, respectively, in each. Even 
allowing for “catch-up” in the second decade, 
the small number of patients in the last two 
decades very likely indicates a decrease in the 
number of people with bilateral bronchiectasis. 
Just why bronchiectasis, once a sezious and 


common thoracic surgical problem, disap- . 


peared from surgical practice can be explained 
in two ways. It could be that medica. manage- 
ment is so satisfactory that there is rarely a need 
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for operative intervention. Although this is to 
some extent true, intuitively, I believe that it 
occurred- because of the frequent and, almost 
always, empirical use of antibiotics in children 
subject to repeat pulmonary infections. Ample 
antibiotic administration broke the triad of 
obstruction due to bronchial secretions, infec- 
tion, and destruction of the bronchial wall. 
Bilateral bronchiectasis is rarely caused by 
mechanical obstruction by foreign bodies, 
bronchial stenosis, or bronchial compression. 
In a study by Bradham and associates [1] at 
Duke, it was classified as multisegmental bron- 
chiectasis on the basis of its unusual pattern. In 
multisegmental bronchiectasis, the odd dis- 
tribution to the dependent parts of the lungs in 
the upright patient with involvement of the lin- 
gula, middle lobe, and basilar segments con- 
trasts with the distribution noted in pulmonary 
abscesses distributed to the dependent portion 
of the lungs in the supine patient. Most of the 
patients with bilateral disease in the Duke se- 
ries were abnormally susceptible to infection or 
were atopic, and all had what was considered to 
be a degree of immunological dysfunction even 
though it was not always measurable in the labo- 
ratory. The underlying problem of infection is 
revealed in the results in the series reported 
from the Overholt Clinic; only 1096 of patients 
were completely relieved of symptoms, al- 
though 84% were improved. In contrast, today 
bronchiectasis is seen almost always in the 
overtly immunologically deficient patient, with 
one exception [1, 3]. This exception is middle- 
aged patients, nearly always women, in whom 
the middle lobe or the lingula, sometimes both, 
is involved with irreversible bronchiectatic 
changes. Usually, involvement is not explained 
by an external or a localized internal block in 
the bronchus. The predominant symptom is re- 
current pleuritic pain.during respiratory infec- 
tions. Some patients have hemoptysis. Because 
the involvement is distal and dependent, it per- 
sists; and, for this same reason its demonstra- 
tion by bronchography can be difficult because 
of problems with filling of the distal bronchi. 
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The diagnosis is made by a careful study of the 
patient’s history and a close look at chest roent- 
genograms by the doctor familiar with the pa- 
tient’s history. ' 

Currently, there is only rarely an indica- 
tion for the classic segmental resection so 
clearly described and illustrated by Overholt 
and Langer in 1947 [2]. However, in operations 
for bilateral multisegmental bronchiectasis, it is 
imperative to save all functioning lung possi- 
ble. There are some advantages in removing 
large areas of lung with a stapler; but when 
maximum preservation of a functioning lung 
tissue is needed, the Overholt segmental resec- 
üon, if mastered by the surgeon, is till the 
superior technique. 

The surgical results enumerated in this in- 


teresting paper, which describes the high level 
of achievement of thoracic surgery in the past, 
can still be used as a standard by which both 
pulmonary and cardiac operations can be 


judged. 
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Impasse at the Crossroads: Evolution or Regulation 


Harold V. Liddle, M.D. 


ABSTRACT Today, the free enterprise system of 
health care delivery is being challenged in the 
United States, where availability and consumption 
of health services and their cost are epochal. Review 
of the health care delivery systems of other nations 
reveals failure of the system when the national 
medical community has been divided, when gov- 


ernment has monopolized the system, and when fee . 


for service has been abandoned. Government inter- 
vention in American health care has been increas- 
ingly regulatory and promises to extend regulation 
in the immediate future. The American medical 
community can respond by unifying, by reducing its 
contribution to health care costs, and by changing 
physician behavior. Consumers have the responsi- 
bility to eliminate unnecessary utilization and to 
become more informed buyers of health care and 
insurance. The fiscal intermediary has the responsi- 
bility to provide tailored insurance options that are 
cost-effective. An informed and unified medical 
community can be a formidable force in shaping the 
future of health care in the United States. 


Health care:in the United States is unparalleled 
in the world today, but the system of its de- 
livery is ‘being severely challenged because 
of its cost. That challenge could only erode 
these achievements without supporting their 
strengths. The doctrinaire proponents of egali- 
tarianism avidly seek to change our present 
system of health care delivery, notwithstanding 
that egalitarianism is profligate, genetically im- 
possible, áhd destructive of the American 
character of:achievement. Even in the citadel of 
egalitarianism, the Russian worker does not 
enjoy the ‘same quality of hospital service as 
that reserved for the upper echelon. In that de- 
mand for medical services is limitless, rationing 
has always been the norm here and elsewhere 
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[7]. However, explicit rationing is now likely to 
occur, though the method best suited to Ameri- 
can tolerances has nct been determined. Ulti- 


. mately, the public will determine what ration 


of the gross national product should be devoted 
to health care, and the public must be provided 
education and opportunity to decide wisely. 


Health Care in the United States 

Today, Americans spend in excess of $163 bil- 
lion annually for health care. The majority of 
the population does not perceive barriers to its 
access to the system and there is satisfaction in 
the quality of care delivered [10]. The Robert 
Wood Johnson Foundation [10] reports that 
more than 29 million patients spend over 230 
million days in the hospital annually and that 
160 million people, or 7396 of the population, 
see a physician each year. Access has improved 
for all social levels during the last fifteen years, 
and dramatically so for lower income groups 
whose utilization increased 2596 between 1963 
and 1976 [10]. The Johnson report [10] shows 
63% satisfaction with the out-of-pocket cost to 
the individual and 92% satisfaction with the 
consideration shown by the physician to the 
patient. Only 13% of patients were dissatisfied 
with the quality of physician care [5, 10]. Ina 
Gallup survey [5] of October, 1977, 54% of con- 
sumers objected to “receiving care in a clinic 
rather than from their personal physician.” 
Seventy-nine percent objected to delays for ap- 
pointments and 61% would object “if less em- 
phasis were to be put on specialized medical 
equipment and techniques as a cost-saving al- 
ternative." The survey showed that physician 
fees ranked below heating, gasoline, hospitali- 
zation, and new major appliances as costs that 
were difficult to afford. Public demand for ac- 
cess to and for expensive health care is great, 
and people are reluctant to change existing 
benefits or the methods of delivering those 
benefits [5]. It therefore becomes important for 
consumers to know that sophisticated intensive 
care, elaborate and often unnecessary diagnos- 
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tic testing, and increasing emphasis on treat- 
ment of functional disorders (20% of the popu- 
lation) consume huge quantities of resources 
but do not significantly prolong life expectancy 
for the citizens of the country [7, 8, 11]. 

Newhouse [8] has shown that wealthier 
countries do not, in fact, spend more for a given 
service but devote more absolute resources to 
medical care. According to Gallup [5]: "For the 
most part, Americans are neither cost conscious 
when it comes to health care nor do they accept 
any responsibility for the rapidly rising health 
care cost." 

If the unit costs are not excessive, if the indi- 
vidual consumer is satisfied with access, and if 
the quality of care is high, the bottom line be- 
comes: What is the American public willing to 
spend for its medical care? We must ask our- 
selves: Is it reasonable to preserve free enter- 
prise as the system for health care delivery? Can 
the country afford to preserve free enterprise in 
such unstable economic times? Indeed, can the 
country afford not to preserve it? How is free 
enterprise being eroded by regulation today? If 
it 1s a reasonable method, how can free enter- 
prise be preserved? Since most other nations 
of the world have established some form of 
socialized medicine, surely there must be les- 
sons for us to learn from their experience. 


Socialized Medicine: The Experience 

in the United Kingdom 

Historical Background 

Consider first the United Kingdom where en- 
actment of national health service was more 
nearly evolutionary than revolutionary [1]. 
Historically, English specialists and general 
practitioners have been politically separated 
[1]. The specialty groups represented by the 
United Company of Barber Surgeons and by the 
Royal College of Physicians were formed in 
the sixteenth century. In 1617, the Society of 
Apothecaries was formed to give identity to 
practitioners. In 1800, the Barber Surgeons were 
supplanted by the Royal College of Surgeons, 
and the two specialty colleges gained enormous 
prestige and with it, control of hospital ser- 
vices. The practitioners improved their stan- 
dard of training and prestige through the 
Apothecaries Act of 1815 and in 1832 formed 


the Provincial Medical and Surgical Association. 
This was the non-London-based predecessor 
of the British Medical Association, which was 
formed in 1856. Though there was further evo- 
lution in the relationship between practitioners 
and specialists, the dichotomy was established. 
During the nineteenth century, health care 
for the poor was provided under the auspices of 
the Elizabethan Poor Law of 1834 and through 
private charity. In 1875, the Public Health Act 
provided for preventive medicine as a state ser- 
vice. In 1913, the National Health Insurance Act 
supplemented the provisions of the Poor Law 
and functioned on a contributory basis pro- 
viding services to the contributors. This was 
the first step toward nationalization. Following 
World War II, Britain was in dire financial dis- 
tress and the private market place became 
discredited. Many major industries fell to 
nationalization, and it was a short step from the 
National Health Insurance Act of 1913 to the 
National Health Service in 1948. There was no 
strong opposition by any group because the 
plan proposed consolidated management, uni- 
versal free care, and a commitment to correct 
maldistribution of physicians [1]. 


The National Health Service 

The government exploited the historic di- 
chotomy in the British medical community, 
and only the British Medical Association was 
sufficiently organized to bargain for a structure 
of compensation. The colleges had no bargain- 
ing agent and still do not. As a result, pay scales 
for practitioners generally exceed those for spe- 
cialists. However, beyond fee bargaining, the 
British Medical Association has had scant voice 
in health planning because lobbying as it is 
known in the United States does not exist in 
the Unite Kingdom, and physicians hold a 
minority posture in the administrative struc- 
ture. The annual budget of the National Health 
Service is simply a "markup" of the previous 
year, and regional and local administrative of- 
fices are encouraged to spend to the limit to 
increase their budgets. Waste, inefficiency, and 
regional disparity result [1]. Between 1950 
and 1974, hospital operational costs rose from 
£196 million to £1,478 million [3]. One 
quarter of 1% of the National Health Ser- 
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vice pound is available for updating old or con- 
structing new physical plants, and only meager 
funds are available for research and develop- 
ment. Notwithstanding that most of the funds 
are devoted to patient services and administra- 
tion, and practically none to new growth, the 
total cost of central government medical ser- 
vices has still risen from £395 million in 1950 
to £2,390 million in 1974 [3]. At 5.5% of the 
gross national product, this sum did not ex- 
ceed the money spent by consumers for tobacco 
and alcohol until 1968. To limit the portion of 
gross national product devoted to health care, 
the National Health Service plans negative 
growth in all areas save mental health. Increases 
in medical spending are to be limited to 1.596 
per year, which includes the 196 necessary to 
maintain the status quo [1]. Capital spending 
will be cut 2596 by 1980 in addition to the 2096 
reduction that occurred between 1973 and 1976. 

The office-based general practitioner is the 
point of entry to the British health care system. 
On the average, he has a list of 2,500 patients 
whom he sees five to seven times each year and 
with whom he spends less than five minutes 
per visit, actually examining only 5596, and for 
whom he provides little or no preventive care 
[1]. Challenging problems are immediately re- 
ferred to the hospital. Consequently, the gen- 
eral practitioner has little professional pressure, 
is well respected in the community, and is 
satisfied with £16,000 paid on a capitation 
basis. In addition, his future is guaranteed by 
the welfare system. 

Ihe consultant, who is entirely hospital 
based, is the point of entry to the hospital. He 
determines the priorities of his patient popula- 
tion on the basis of need as he perceives it, and 
the balance of patients queue for care. This ra- 
tioning system often limits care for geriatric, 
chronically ill, and handicapped patients. The 
consultant's tenure limits access to practice for 
trainees, who through collective bargaining 
and strikes can be compensated more than the 
consultant but who can wait a very long time 
for a post and ultimately may emigrate. Of the 
62,500 members of the British Medical Associa- 
tion, only 49,000 remain in the United King- 
dom. Average income for consultants is £10,000, 
and the private practice option that permitted 


them marked improvement in compensation is 
being phased out [1]. 

The patient is satisfied because he has free 
access to the system although he has only lim- 
ited access to treatment. He prefers to wait his 
tum rather than pay anything, and can wait 
mcnths for elective treatment. Some services, 
such as cosmetic procedures, are never avail- 
abie. Many of the hospitals are seriously de- 
teriorating. There is no organized quality as- 
sessment at any level in the United Kingdom; 
quality of care is measured purely by access. 
There is planned rationing of all medical care, 
ard, though anathema to Americans, rationing 
is accepted by the British because of their pas- 
sion for fair play. The first priority of the Na- 
ticnal Health Service is to provide a primary 
level of care free to everyone. Efficiency of the 
system and modernization of facilities are of 
secondary, if any, importance save in a few 
special institutions. Although the National 
Health Service has limited increases in health 
care costs in the United Kingdom, it has not 
permitted growth of quality, it has failed to 
sclve the physician distribution problem in the 
Midlands and the North, and it has succeeded 
only in providing free access to the first level of 
cere for everyone. Despite all of these limita- 
tions, there remains no pressure from any 
qaarter to change the system. 


Experience with the National Health Service 

I£ in fact, the National Health Service has 
bsen unsuccessful, there are three important 
reasons for its failure. The first is that govern- 
ment, through the National Health Service, as- 
simed the entire responsibility for health care 
and its delivery overnight. No attempt was 
made to stage the transition, and government 
failed to anticipate the costs of technological 
advances and demands upon the apparatus in a 
vniversally inflationary time. The price tag has 
Eeen overwhelming. 

In New Zealand the expansion of government 
control and of benefits was staged because it 
was recognized early that total government re- 
sponsibility for health care might not be eco- 
nomically feasible. Wisely, the phasing process 
has never been completed [9]. Australia, which 
has a less comprehensive social welfare pro- 
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gram than New Zealand, first introduced vol- 
untary health insurance, then compulsory com- 
prehensive insurance, which is required of 
everyone save the indigent and which, to a 
variable degree, has always been government 
subsidized. Originally, the patient had the first 
dollar responsibility, but as the costs have 
rsen, the individuals participation has di- 
minished so that health care is now free at the 
point of delivery [11]. At 7.796 of the gross na- 
tional product, the government will not sub- 
sidize health care further [11]. In Canada, West 
Germany, and Switzerland, the framework of 
national health insurance was centrally de- 
signed but federally implemented. Each of 
these governments subsidizes the sick funds 
and has wisely avoided government monopoly 
of medicine [6]. 

The second cause for failure of the National 
Health Service lies with the physicians them- 
selves who failed to maintain their stewardship 
of health care delivery. Because of the historic 
dichotomy between practitioners and special- 
ists, the British medical community did not 
present a unified front in its encounter with 
government. Though the British Medical 
Association has successfully negotiated com- 
pensation rates for practitioners, organized 
medicine has little or no impact on policy de- 
velopment [6]. The French physicians had the 
same experience, whereas the Australian Medical 
Association and the Australian specialty socie- 
ties established effective liaison through which 
they negotiated their differences in private and 
in advance. Professional division is not as visi- 
ble to the public sector, and their combined 
negotiating strengths have been effective. 

If our profession is represented by a single 
negotiating body, the insurance consortiums 
and regulating agencies lose the leverage of 
being able to pit one professional faction 
against another. It would seem vital ‘that 
American physicians, through their various 
professional societies, achieve a unified posi- 
tion for political interface. Specialty societies 
must increasingly look beyond their personal 
idols to the encircling presence of government. 
The history lesson of the United Kingdom has 
been clearly written for us all to see. 

The third error made in Britain was the sub- 


stitution of capitation for fee-for-service as the 
compensation method. Capitation imposes no 
limit on utilization, invites erosion of indi- 
vidual responsibility and self-discipline, and 
encourages decay of professional standards. 
Hospital beds become overutilized for short- 
term patients by unnecessary referral from 
family physicians. Because of the pressure of 
demand, patients obtain cursory evaluation 
and soon physician and patient alike- become 
disillusioned by shoddy care. The British and 
Dutch experiences have shown that capitation 
is nearly as expensive as fee-for-service, and 
salaried systems are more expensive than 
either [6]. Though there are notable exceptions 
in the private industry of Health Maintenance 
Organizations, the recent federal experimental 
Health Maintenance Organizations have suc- 
ceeded only to the extent that the facilities have 
been heavily endowed by continuing federal 
grants. 

The cornerstone of medicine in the United 
States is the sensitive, personal responsibility 
that the physician and patient bear to each 
other. This vital patient-doctor relationship is 
ensured by a specific fee for a specific service 
and is utterly destroyed by the capitation sys- 
tem which renders that mutual responsibility 
intangible. Those systems of health care deliv- 
ery that have had some success—New Zealand, 
Australia, France, Belgium, West Germany, and 
Switzerland—have retained fee-for-service [6]. 


Health Care and Government 

in the United States 

In response to real or perceived deficiencies in 
the health care delivery system in the United 
States, government became increasingly in- 
volved in the system after World War II. The 
Hill-Burton Act of 1946 was enacted in response 
to a shortage of beds, particularly in rural areas, 
but resulted in too many beds. As in Canada, 
such an over-response contributes heavily to 
hospital inflation. Following the excesses of the 
Hill-Burton Act, government perceived a shor- 
tage of physicians, particularly in primary care 
and in rural practice, and enacted the Health 
Professions Education Assistance Act of 1963. 
Because the aged and underprivileged had un- 
certain access to care, Medicare and Medicaid 


~ 
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were enacted to provide access for this growing 
segment of the population. These acts compen- 
sate providers for services that had been 
provided free, but do so with profligate in- 
efficiency. 

The Professional Standards Review Law pro- 
vided the profession an opportunity to demon- 
strate accountability, which it has successfully 
accomplished in the Northeast and in the West. 
The Health Care Financing Administration of 
the Department of Health, Education, and Wel- 
fare reports reduction in Medicare hospital 
utilization in areas subject to review and ac- 
knowledges that concurrent review programs 
sanctioned by that law more than pay for them- 
selves. These professional accomplishments are 
not nationwide, however, and health care costs 
have continued to lead the inflationary spiral. 
In response to escalating costs and continued 
maldistribution, the position of government 
has shifted from one of assistance to the medi- 
cal community to one of increasing regulation 
of every phase of health care. We would all ac- 
knowledge that some controls are appropriate 
and necessary—such as state licensure, con- 
tinuing education and self-assessment, hospital 
accreditation, and in-hospital monitoring of 
quality. However, federal legislation, present 
and future, in response to failures of earlier 
health legislation, will be much more encom- 
passing. 

The National Health Planning and Resource 
Development Act of 1974 was enacted to control 
future capital expenditures. The principle of 
eliminating unnecessary duplication of ex- 
pensive equipment and services is laudable. 
However, the Health Systems Agencies, which 
replaced the old comprehensive health plan- 
ning B agencies, will impact all areas of local 
health delivery including certificate-of-need 
legislation and federal grants. Physicians have a 
minority position in the Health Systems 
Agencies Governing Boards, which, by default, 
are often run by staff who, in turn, tout the line 
favored by the Department of Health, Educa- 
tion, and Welfare. The physician, who is best 
able to make medical need decisions, has per- 
mitted himself to be preempted. : 

When the number of physicians in the 
United States had risen from 139 per 100,000 in 


1960 to 162 per 100,000 in 1976 [10], the Health 
Professions Education Assistance Act of 1963 
was revised. The new law imposes severe re- 
strictions on entry of foreign medical graduates 
to the United States and directly exerts controls 
on medical school admission policies by ma- 
nipulating educational grants. The economic 
stabilization law of 1971 imposed limits, not on 
fees, but on income of providers. Hospitals and 
physicians found ways to circumvent the regu- 
lation and after termination of Phase II, medical 
costs soared. In response to hospital inflation, 
the Carter Administration has asked Congress 
for a cap on hospital expenditures [2]. The Tal- 
madge bill for prospective hospital reimburse- 
ment lost in the Senate in October, 1978, to 
Gaylord Nelson's scaled-down version of the 
Administration's bill. There is little doubt that 
some form of direct containment of hospital 
costs will emerge from the 96th Congress. 

In June, 1978, the Federal Trade Commission 
prevailed over the American Medical Associa- 
tion in an administrative court decision con- 
cerning advertising. Although physician ad- 
vertising, often frankly dishonest, flourishes in 
some sectors, it will reduce costs only when 
consumers can make appropriate consumption 
decisions. It is important to recognize that the 
Federal Trade Commission supports free enter- 
prise and competitive pricing and opposes the 
current thrust of regulation. 


What Does the Future Hold? 

Because of the perceived failure of the medi- 
cal community to effectively control these com- 
plex issues, Congress, in its wisdóm, will write 
the guidelines that will be converted to regu- 
lations by the lesser skills of the bureaucratic 
ménage, far removed from the battlefield, for 
publication in the Federal Register. As Edmund 
Burke said in 1780: "Bad laws are the worst sort 
ofityranny." Potential laws of the future are not 
difficult to foresee. There may be national 
medical licensure and, with it, mandatory as- 
signment of federally paid benefits. The next 
logical step in the revised Health Professions 
Education Assistance Act involves control of 
residency training and, therefore, manpower. 
Federal funds for medical school residency 
training programs could be made available only 
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for the primary care specialties. The ultimate 
distribution of these federally supported 
trainees would then also be controlled. It is 
entirely possible that training in specialties 
such as thoracic surgery will occur only in pri- 
vate hospitals that elect to devote their lim- 
ited training funds to those specialties richly 
supporting hospital services. The currently 
emerging Center for Health Care Technology 
has been created to investigate expensive 
therapeutic modalities. The efticacy and there- 
fore compensability of coronary surgery spe- 
cifically is on the block. The logical sequence of 
hospital cost control will be a structured physi- 
cian payment plan. The existing Medicare law 
contains provisions, not as yet fully invoked, to 
reduce the percentile of the usual and custom- 
ary fee at which physicians will be compen- 
sated. The proposed Medicare reform act of 
1977 contains mandatory assignment and a fee 
structure to be defined on an individual state 
basis by the Secretary of Health, Education, and 
Welfare. In its wisdom, government has re- 
pudiated the relative value studies developed 
by our society and by many others, but no gov- 
ernment agency objects to a pay schedule de- 
signed by government. Regulation of physician 
fees is an absolute way to reduce health care 
costs, but interestingly, only 3696 of consumers 
polled by Gallup [5] thought that limitation of 
physician fees was appropriate. There is, 
therefore, in the offing, control of the number, 
the mix, the distribution, and the compensa- 
tion of physicians. The hospitals in which they 
work will be controlled with respect to services 
and modernization. The experience of many 
regulated industries shows clearly that regula- 
tion does not control cost, but inhibits innova- 
tion and freedom of development. Regulation 
begets regulation and treats the symptoms, not 
the cause, of the illness. There is imposing rea- 
son for physicians, who best understand the 
complexities of health care and its delivery, to 
effect change in the whole process. 

The usual laws of the marketplace do not 
operate in health care. Providers, not consum- 
ers, determine consumption. Increased supply 
increases demand and therefore cost. Incursion 
of the third-party system dislocates financial re- 


sponsibility further away from the participants. 


Planned rationing must support the market 
structure, and Americans must actively seek to 
create an environment in which market forces 
can apply. Utilization can be influenced by em- 
phasis on preventive medicine and by educa- 
tion of youth to avoid risk factors. Physician 
behavior increasingly denies the art and em- 


phasizes the science of medicine. Expensive 


hospital services remain overutilized, and un- 
treatable ilInesses are often vigorously managed 
to the ignominious end despite evidence that 
this vigor does not significantly alter life ex- 
pectancy. 

It is reasonable for physicians to limit in- 
creases in fees, and The Society of Thoracic Sur- 
geons has prepared a position paper on this 
issue. It will become increasingly apparent that 
physicians and hospitals compete for the same 
dollars, and each will force the other to become 
less profligate. More widespread use of physi- 
cian extenders can provide adequate services 
for less complicated illnesses.at a lesser cost, 
and physicians have the obligation to utilize 
less expensive methods of delivery when the 
quality is the same. Although fee-for-service 
and deductibles impose a barrier to access, the 
needy, for whom the barrier would be greatest, 
already have free access, and these devices do 
reduce utilization. The current medical insur- 
ance system must be restructured to become 
more cost-effective, and there need to be multi- 
ple insurance options from which adequately 
informed consumers may choose. The system 
should involve out-of-pocket contribution and 
be responsive to a wide variety of consumer 
needs. One-third of consumers are willing to 
extend their health care insurance at their own 
expense, and most are economically threatened 
only by a major illness [5]. Despite a vague con- 
cern for escalating health care costs, few Ameri- 
cans pause in their demand for service to learn 
what the costs are, and they react by seeking 
more irsurance. It is therefore important to 
educate consumers about the limitations as well 


as the benefits of medical care [7]. Consumers 


can become informed buyers of both insurance 
and medical service. The responsibility for ap- 
propriate utilization is in large part the prov- 
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ince of the patient, and he must be made to 
understand that unnecessary utilizatior. is a 
luxury no one can afford. It is incumbent upon 
us as physicians to find a way to realistically 
measure outcomes, and thereby change our be- 
havioral patterns. An alliance between the 
medical community and its patients may be- 
come essential since the public will lixely be 
our only advocate at the bargaining table. 
High quality, universally available medical 
care is an expensive necessity to which nc other 
country has been willing to devote a sufzicient 
portion of its gross natioral product. Cespite 
all the international variations that exist on the 
theme of government regulation, none have 
successfully controlled cost, and few have suc- 
ceeded in maintaining quality. The world is 
watching as we approach the impasse at the 
crossroads where quality, quantity, and cost 
diverge. À determination will soon be made in 
America of a system that raust remain respon- 
sive to the needs of patients and phys:cians, 
and that can utilize only that portion of the 
gross national product that the country will ac- 
cept. American medicine has the opportuaity to 
participate in this determination. Evolution of 
our current system shaped by an informed 
profession can result in solutions acceptable to 
everyone and far more palatable than the 
morass of regulation. À united, accountable 


medical community can be a wise, mature, and 
formidable force if we make it so. 
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Clinical Experience 


with the Isotopic. Cardiac Pacemaker 


Nicholas P. D. Smyth, M.D., John M. Keshishian, M.D., Jorge M. Garcia, M.D., 
Leo C. Kelly, C.V.T., and Diane Proctor, R.N., M.S.N. 


ABSTRACT Clinical experience with isotopic 
pacemakers in 59 patients is compared with that 
in 77 control patients having conventional chemical 
battery-powered pulse generators. The review cov- 
ers a 512-year period. Statistical analysis of the two 
series is impossible because of the numerous vari- 
ables such as age, type of disease, number of con- 
trols, types of test and control pulse generators, 
dates of insertion, and protocol regulations. How- 
ever, there were pulse generator failures in the con- 
trol group, but not in the test group. 

Though not proven in this study, the isotopic car- 
diac pacer is likely to last longer than conventional 
chemical battery-powered units, and could provide 


lifetime pacing for many patients. The risk of car- 


cinogenesis is minimal and seems negligible in older 
patients. 

The isotopic cardiac pacer, in spite of restrictions 
of the Nuclear Regulatory Commission, should be 
considered for any patient with a life expectancy of 
10 or more years. Paradoxically, it might be indicated 
in older rather than younger patients. 


Ihe development of the isotopic cardiac pace- 
maker began in 1965 when the United States 


Atomic Energy Commission contracted with 


NUMEC (now ARCO Medical Products Com- 
pany) to develop such a device. The first unit 
was implanted in a dog in April, 1969 [7], and in 
a patient in April, 1973 [9]. The Medtronic- 
Alcatel unit was developed independently and 
was used clinically in France in April, 1970 [6]. 

Since then an extensive worldwide clinical 
experience with isotopic pacers has been ac- 
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cumulated [-, 4—6, 9, 14]. The promethium 147 
(Biotronik) unit was superseded by the lithium 
units and has been discontinued. Only the pac- 
ers powered by plutonium 238 remain, and of 
these only three are in general use (Medtronic, 
Coratomic, and Cordis) The ARCO nuclear 
unit has been discontinued. 

Our clinical experience began in June, 1973, 
with the implantation of four ARCO Nu-5 pulse 
generators. Subsequently, we have implanted 
a fifth ARCO Nu-5 unit, six Medtronic 9000 
units, seven Cordis units, and forty-two Cora- 
tomic C 100 and C 101 units. 


Materials and Methods 

The ARCO Nu-5 pulse generator is a fixed-rate 
(V00) unit [8_ (Fig 1). The Medtronic 9000 (Fig 2), 
the Coratom:c C 100 and C 101 (Fig 3), and the 
Cordis pulse generators (Fig 4) are all demand 
(VVI) units. The Cordis unit is programmable 
in both rate and output (Omni-Stanicor). The 
characteristics of each unit have been described 
in detail previously [1—7, 9-11, 13, 14]. 

In June and July, 1973, five ARCO Nu-5 pulse 
generators were implanted as replacement units 
in 5 patients 40 to 68 years old, all of whom had 
been paced for several years and were known to 
be in stable third-degree heart block. The clini- 
cal protocol requires that the pacers be im- 
planted in patients with complete heart block 
only since tte ARCO Nu-5 unit is a fixed-rate 
unit. Patients must have a life expectancy of at 
least 10 years (Table 1). A control series of pa- 
tients using conventional pacemakers is re- 
quired, 1 cor-trol patient for each patient with a 
nuclear pacer. The patients in the control series 
were not all in complete heart block and were 
older. At tha: time it was not possible to find a 
strictly comparable group of patients to com- 
prise a meaningful control group (see Table 1). 

Between November, 1973, and July, 1974, six 
Medtronic 9000 pulse generators were im- 
planted in patients with complete heart block 
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Fig 1. Cutaway drawing of the ARCO Nu-5 pulse 
generator, showing the arrangement of battery cnd dis- 
crete component circuitry. 
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Fig 2. Cutaway drawing of the Medtronic 9000 pulse 
generator, showing the arrangement of the battery and 
discrete component circuitry. 
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ard sick sinus syndrome. They ranged from 39 
to 67 years old. Three of the implants were new 
ard three were replacements (Table 2). In all 
cases, the bipolar unit was converted to the 
unipolar mode using an anodal ground plate 
acjacent to the pulse generator. This was done 
tO maintain ccmparability with the ARCO se- 
ries and with a series of control patients in 
w3om the Medtronic 5945 pulse generator was 
implanted [12]. The Medtronic protocol re- 
quires that the patient must have a life expec- 
tancy of 10 years or more. A control series of 4 
petients with conventional battery-powered 
pulse generators is required for each patient re- 
ceiving a nuclear unit. In our series, 24 patients 
in the control group were followed. Their ages 
ard range of disease matched the nuclear test 
secies more closely than was possible in the 
ARCO control group. The series was homoge- 
neous in the sense that all the patients received 
th» mercury-zinc battery-powered Medtronic 
5915 pulse generator (see Table 2). 

The first clinical implant of a Coratomic C 100 
pulse generator was carried out by one of us 
(N. P. D. S.) at the Washington Hospital Center, 
Washington, DC, in October, 1974. The clinical 
protocol for the Coratomic C 100 series (C 100 
and C 101) of pacers differs for both test and 
coatrol patients from those already discussed. 
One control patient is required for each nuclear 
implant as in the ARCO protocol, but the indi- 
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Fig 3. (A) Notice the small size and rounded contour of 
the C 100 and C 101 pulse generator. (E) Arrangement 
of battery and discrete component circuitry. 


cations for implantation are broader in the test 
group and more specific in the control group 
[3]. Patient selection in the test group allows 
consideration of factors other than the usual 
one of life expectancy, i.e., ^... . prolonging life 
in an older patient who has had many previous 
Operations, or is resistant to frequent opera- 
tions, or is not mentally capable of handling a 
rechargeable unit. In these cases, expected to be 
a small percentage, the physician may use his 
discretion in implanting the C-100 unit” [2]. 
In the control group, the use of pulse gen- 
erators having lithium or rechargeable nickel- 
cadmium batteries to provide comparative 





Fig 4. Roen*genographic view of the Cordis nuclear 
pulse generator, showing the arrangement of battery 
and hybrid 2rogrammer decoder and pacing circuitry: 
(1) pacer-lead connector assembly; (2) program decoder 
molecule; (=) pacing module; (4) resistor substrates; (5) 
thermoelectric generator; (6) identification letters; (7) 
Reed switch; (8) titanium case; (9) DCIDC converter. 


data on other potentially long-lived systems 
is stressed. It is also prescribed that “all pa- 
tients in the control group will have unipolar 
electrodes and have R-wave inhibited elec- 
tronics pcwered by conventional sources cur- 
rently available" [2]. 

Since October, 1974, a total of forty-two 
Coratomic C 100 and C 101 pacers have been 
implanted. in 41 patients. The indications in- 
cluded various degrees of heart block, spon- 
taneous and postoperative; intermittent heart 
block; atrial fibrillation with slow ventricular 
response; vasovagal syncopal attacks, sick sinus 
syndrome. and sinus bradycardia. In 26 pa- 
tients the units were initial implants and in 
16, replacements (Table 3). The indications for 
pacemakez insertion in the control group of 41 
patients were similar, but there were no con- 
straints relative to patient age (see Table 3). 

Since November, 1976, a total of seven Cordis 
nuclear pacers have been implanted, six for 
complete heart block and one for second-degree 
heart block. Four were initial implants and 
three were replacements (Table 4). The indica- 
tions for racing in the control group were com- 
plete heart block and sick sinus syndrome. 


A. 


ei 


m 
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Table 1. Summary of Data on the ARCO Test Group (5 Patients) and Control Group (5 Patients) 





Age 
Range Pulse 
Group (yr) Diagnosis R Generator Status 
Test 40-67 Complete heart block, 5 5 M Alive, well, normal 
pacer function, 3 
Deceased, not pacemaker 
related, 2 
Control 68—83 Sinus bradycardia, 3 5 Cordis Unit replaced, 3 
Complete heart block, 2 Stanicor Deceased, not pacemaker 


I = initial insertion; R = replacement. 


related, 2 


Table 2. Summary of Data on the Medtronic 9000 Test Group (6 Patients) 


and Control Group (24 Patients) 





Age 
Range 
Group (yr) Diagnosis I 
Test 39-67 Complete heart block, 5 3 
Sick sinus syndrome, 1 
Control 48-85 Sick sinus syndrome, 3 8 


Complete heart block, 16 
Sinus bradycardia, 3 
Junctional bradycardia, 1 
Atrial fibrillation with 
bradycardia, 1 


*See text for details. 
| = initial insertion; R = replacement. 


There were four initial implants and three re- 
placements (see Table 4). 


Results 

There were no infections, no erosions, and no 
lead perforations in the 126 patients in the test 
and control series. There were four early lead 
displacements, one caused by removal of the 
temporary pacing lead, and one instance of 
early exit block. Each required lead replace- 
ment, using the same pulse generator. 

All patients were studied one week after op- 
eration, one month after operation, and at 
three-month intervals thereafter. Follow-up has 
been 10096 in both test and control series. A 
complete study of pacer variables was carried 


Pulse 
EK Generator Status 


> re Alive, well, normal pacer 
function, 4 
Deceased, not pacemaker re- 
lated, 1 
Unit removed electively 2 
years postoperatively,? 1 
i6 Medtronic Unit replaced, electively or 
5945 end-of-life, 15 
Unit replaced for malfunction, 
1 
Deceased, not pacemaker re- 
lated, 8 


ovt on each occasion. The study as performed 
or all of our pacemaker patients consists of 
the following: An electrocardiographic rhythm 
strip is run to look for evidence of loss of sens- 
ing of capture. The pacemaker rate is then re- 
ccrded with the magnet in position. This is also 
recorded on an electronic intervalometer, which 
measures both rate and pulse interval. The de- 
vice also measures the pulse width of the signal 
output of the pulse generator. An ECG tracing 
is also made using an external or indirect over- 
dzive (sometimes called chest wall stimulation). 
Ir. a triggered pacemaker, this technique mea- 
sures the pulse generator sensing response and 
tke blocking rate of the unit. In an inhibitory 
pacemaker, it shuts down the output of the 
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Table 3. Summary of Data on the Coratomic Test Group (41 Patients) and Control Group (41 Patients) 








Age 
Range Pulse 
Group (yr) Diagnosis I R Generator Status 
Test? 31-74 Sinus bradycardia, 2 26 16 C 100 Alive, well, normal 
pacemaker func- 
tion, 39 
Complete heart block, C 101 Deceased, not 
23 pacemaker re- 
lated, 2 
Sick sinus syndrome, 
10 
Atrial fibrillation with 
slow ventricular re- 
sponse, 1 
Vasovagal syndrome, 
Second-degree heart 
block, 4 
Control 50-84 Sick sinus syndrome, 26 15 CPI 301-UD, Deceased, not 
7 13 pacemaker re- 
lated, 10 
Complete heart block, Medtronic Alive, well, normal 
25 5951, 8 pacemaker func- 
tion, 22 
Biotronik Unit replaced, end- 
IDP-44, 2 of-life, 1 
Atrial fibrillation with Coratomic Unit replaced, dia- 
slow ventricular L-500, 16 phragmatic pac- 
rate, 1 ing, 1 
Sinus bradycardia, 8 Medtronic Unit replaced, pre- 
5973, 2 mature failure, 7 





“Total patients, 41; total pulse generators, 42. See text for details. 


I = initial insertion; R = replacement. 


Table 4. Summary of Data on the Cordis Test Group (7 Patients) and Control Group (7 Patients) 


Age 
Range Prlse 
Group (yr) Diagnosis I R Generator Status 
Test 47-67 Complete heart block, 6 _ 4 3 "m Alive, well, normal pacemaker 
function, 7 
Second-degree heart block, 1 
Control 55-84 Complete heart block, 4 4 3 Coratomic Alive, well, normal pacemaker 
L500 function, 6 
Sick sinus syndrome, 3 Deceased, not pacemaker re- 
lated, 1 


I = initial insertion; R = replacement. 


aa 
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pulse generator and allows an examination of 
the underlying cardiac rhytam. Then, an ECG 
rhythm strip is made while the patient per- 
forms isometric compression of one upper ex- 
tremity against the other, in order to check for 
evidence of inhibition of the pulse generator by 
the pectoralis major muscle. At the conclasion 
of the test, all the values are recorded and the 
ECG rhythm strips are mounted. A permanent 
record of the test is kept. All patients demon- 
strated normal pacing initially. 


lest Series 

There were no problems :n the ARCO Nu-5 
group (see Table 1). Three of the 5 patier.ts are 
alive and well 5 years after operation. One pa- 
tient died of acute myocardial infarction 5 years 
after operation. One patient died of carc.noma 
of the stomach 3 years after operation. 

In the Medtronic 9000 group there were no 
malfunctions (see Table 2). One pulse gererator 
was removed at another hospital because of a 
minimal muscle twitch at the anode plate. The 
twitch persists with the replacement recharge- 
able unit. In the 1 patient who died, the cause 
of death was probably an arrhythmia, Dut no 
postmortem examination was done. Preopera- 
tive evaluation of this patient includec coro- 
nary angiography, which had shown normal 
coronary arteries, and normal ventricular func- 
tion was also demonstrated. 

In the Coratomic C 10C and C 101 series a 
sensing problem was encountered in 1 patient 
with a C 100 unit. The patient had a low voltage 
(+2 —2 mv) biphasic R wave with a slow slew 
rate. In rare instances this type of R wave is not 
always sensed by the C 100 [14]. Sensing has 
been satisfactory since the pulse genera-or was 
replaced by the more sensitive C 101 uait (see 
Table 3). One patient showed transient symp- 
tomatic muscle inhibition, but became asymp- 
tomatic as the capsule developed in the early 
postoperative months. Two patients died of 
myocardial infarction, 1 at 215 years and 1 at 
seven months after operation. 

There were no problems in the Cordis test 
group (see Table 4). In 1 of these patients the 
programmable feature was useful in allowing 
reduction of the output to such a point that 


pacing was maintained but troublesome dia- 
phregmatic pacing was eliminated. 

As required by protocol, the pulse generator 
was recovered from each of the 5 patients in the 
test series who died, and was returned to the 
marufacturer. All generators were found to be 
functioning normally. 


Control Series 

There are no patients remaining in the control 
series for the ARCO Nu-5 group (see Table 1). 
Two of the patients died, 1 of myocardial in- 
farction 2 years after operation and 1 following 
a fell that caused a fracture of the skull and re- 
sultant meningitis. In the other 3 patients, the 
pulse generators had to be replaced. 

Ihere are no patients remaining in the con- 
tro. series for the Medtronic 9000 group (see 
Table 2). One pulse generator was removed be- 
cause of a pacer-induced bigeminy caused by 
retrograde conduction. The patient's effective 
rat» slowed and he became symptomatic. The 
replacement programmable pacer set at a faster 
rat2 eliminated the problem. One pulse gen- 
eretor was removed 21⁄2 years after operation 
wren the patient underwent a radical mastec- 
tomy for carcinoma of the breast. The pulse 
generator was, functioning normally, but the 
opportunity was taken to replace it to avoid 
another operation later. The replacement pulse 
geaerator was put in an abdominal pocket, 
since the patient had already had a contralateral 
radical mastectomy. Another pulse generator 
was removed for malfunction 2 years after im- 
plantation. Eight patients died of causes unre- 
lated to their pacers. These included one gun- 
shot wound, three strokes, and four myocardial 
infarctions. 

Thirteen pulse generators were replaced 3 to 
415 years after operation. An attempt was made 
to follow the pulse generators to end-of-life, to 
make the control study more meaningful. How- 
ever, in most instances this was not possible 
because of patient resistance and sometimes re- 
sistance from the referring physician. Neither 
would believe, based on previous experience, 
that a mercury-zinc battery-powered pace- 
waker could last 4 to 5 years. Many patients 
who had experienced failure before at twenty to 
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twenty-four months did not want to risk it 
again, and insisted on elective replacement. In 
general, in our experience, the Medtronic 5945 
proved to be one of the longest-lived and most 
reliable mercury-zinc battery-powered pulse 
generators manufactured. 

In the Coratomic C 100 and C 101 control 
group, seven pulse generators were removed 
for premature failure (see Table 3). One was re- 
placed because of diaphragmatic pacing. One 
pulse generator was replaced at end-of-life. Ten 
patients died of causes unrelated to the pacer: 
6 of myocardial infarction two months to 4 
years after implantation; 1 of end-stage car- 
diomyopathy 2 years after operation; 1 of car- 
cinoma of the lung 3 years after operation; 1 of 
carcinoma of the prostate 1 year after implanta- 
tion; and 1 of stroke, 2¥2 years after operation. 
Twenty-two patients are alive and well with 
normal pacer function. 

In the Cordis group, 1 patient died of myo- 
cardial infarction (see Table 4). Six patients are 
alive and well with normal pacer function. 


Comment 
No statistical analysis of these patients is possi- 
ble because there are too many variables, in- 
cluding age, type of disease, number of con- 
trols, types of test and control pulse generators, 
dates of insertion, and protocol regulations. 
Certain conclusions are permissible, however. 
There were pulse generator malfunctions and 
premature failures in the control series but 
none in the test series. The one pulse generator 
that was replaced in the test series did not fail 
and was functioning within its design spec- 
ifications, but the patient required a more sen- 
sitive unit. | 

As time passes, more patients in the control 
series are dropping out because of patient death 
or pulse generator replacement. None remain in 
the ARCO Nu-5 and the Medtronic 9000 series. 
This trend will continue, but at a slower rate 
since there are lithium battery-powered pulse 
generators in the later control series. The higher 
average age in the control series will continue to 
skew the mortality figures toward a higher rate 
than in the test series. 

Two environmental impact studies filed by 
the Atomic Energy Commission indicate there 


is no reason to fear the minimal radioactivity of 
these pulse generators. None of our patients 
has had any concern about this. In fact, they are 
proud of their "unconventional" pacemakers 
and are confident in the projected increase in 
longevity. We have many disappointed pa- 
tients who would like to have a nuclear pacer 
but who do not fit the current protocols because 
of age or associated disease likely to limit their 
life span. 

The present trend toward smaller lithium 
pulse generators is actually reducing their po- 
tential longevity since longevity is roughly pro- 
portional to battery mass. When first intro- 
duced, average longevity was expected to be in 
the 10- to 12-year range. An industry-wide aver- 
age now is closer to 6 to 8 years—little more than 
the terminal state of the art with the mercury- 
zinc battery. 

Our experience with the isotopic pacers sug- 
gests that they are very reliable and should be 
more widely used, even within the existing 
rather restrictive approved protocols of the Nu- 
clear Regulatory Commission. The problems 
caused by current licensing requirements, 
paperwork, controls, and protocol restrictions 
should not deter a physician from using what 
may be a lifetime pacemaker for many pa- 
tients—a goal long sought in the field of car- 
diac pacing. In an aging population, the prob- 
lem of reoperation for pulse generator replace- 
ment, however minor technically, becomes: 
greater, particularly for patients in the ninth 
and tenth decades of life. 

The isotopic pacer should be considered for 
any patient requiring conventional ventricular 
pacing whose life expectancy is 10 years or 
more. There may be some reservation about 
using a nuclear device in an infant or child be- 
cause of the remote chance of carcinogenesis | 
due to low-dose irradiation. For other reasons 
the young or middle-aged person is not the 
ideal patient either, as present protocols sug- 
gest. Such a patient, in trouble early, might not 
have a very long life expectancy. On the other 
hand, the 60- to 70-year-old patient who has no 
major disease other than the conduction defect 
belongs to a select group with proven longevity 
and a high probability of living 10 or even 20 
years more. It could be that the optimal age for 
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insertion of an isotopic pacer will turn out zo be 
closer to the end rather than the beginning or 
middle of a patient's life span. 

Isotopic pacemakers are used in about &% of 
our patients now. As regula-ions are eased and 
as the requirement for control studies is dis- 
continued, the use of these pacers should in- 
crease significantly. 
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Does Preservation of the Posterior Chordae Tendineae 
Enhance Survival during Mitral Valve Replacement? 
Donald W. Miller, Jr., M.D., Douglas D. Johnson, M.D., and Tom D. Ivey, M.D. 


ABSTRACT During a 30-month period, 51 patients 
underwent mitral valve replacement. There were 3 
hospital deaths (5.9%), 2 of which were due to ven- 
tricular rupture. The 3 patients who died were 
among 13 patients in whom mitral valve replacement 
was combined with tricuspid or aortic valve opera- 
tion or both. Postmortem findings in the 2 patients 
who died of ventricular rupture showed that the 
ventricular tears were located between the atrioven- 
tricular groove and the unresected papillary muscle 
stumps, in an area of ventricle formerly tethered by 
the posterior chordae tendineae. In the last 14 pa- 
tients in the series, the posterior leaflet of the mitral 
valve and its chordae tendineae were left intact, and 
there was no mortality or prosthetic valve dysfunc- 
tion. In patients with myxomatous or ischemic dis- 
ease, the posterior leaflet was left completely intact. 
For patients with fibrocalcific rheumatic disease, we 
have developed a technique of partial excision and 
debridement of the posterior leaflet, preserving the 
intermediate and basal chordae tendineae attach- 
ments. 

With the techniques described, preservation of all 
or part of the posterior leaflet and its chordae ten- 
dineae does not appear to interfere with prosthetic 
valve function and, by reducing the risk of ven- 
tricular rupture, should enhance survival after mitral 
valve replacement. 


Immediate or delayed left ventricular rupture 
has become a major cause of death following 
mitral valve replacement, particularly in de- 
bilitated, elderly patients [2, 12]. Overzealous 
resection of either the posterior mitral leaflet or 
the papillary muscles has been blamed as the 
cause of this complication because such resection 
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produces tears at the atrioventricular groove or 
at the stte of papillary muscle resection. As re- 
ported aere, however, another type of ven- 
tricular rupture, not related to any technical 


` errors in valve excision, can occur after valve 


replacemsent. These tears are in the posterior 
ventricle midway between the papillary muscle 
stumps and the mitral annulus, in an area 
formerlv tethered by the posterior chordae 
tendineae. Lillehei and co-workers [5] originally 
showed :hat a prosthetic valve can be placed in 
the mitral position, and function normally, 
without removing the posterior leaflet and its 
chordae tendineae. We have reclassified ven- 
tricular rupture after mitral valve replacement 
into thre2 types, and suggest that this compli- 
cation is less likely to occur when the posterior 
leaflet and its chordae tendineae are left com- 
pletely, cr partially, intact. 


Clinical Experience 

During a 30-month period ending in June, 1978, 
we performed 51 mitral valve replacements (28 
isolated and 23 combined procedures). Only 
patients undergoing reoperation for prosthetic 
valve dys-unction were excluded. There were 23 
men and 28 women, ranging from 27 to 76 years 
old (average age, 55 years). Mitral insufficiency 
was the »redominant functional lesion in 24 
patients. .t was due to myxomatous degenera- 
tion in 11, ischemic mitral disease in 6, rheu- 
matic disease in 5, and infectious endocarditis 
in 2. Six patients had mitral stenosis, and 21 
patients had rheumatic disease producing a 
mixed functional lesion. Preoperatively, 21 pa- 
tients (4150) were in New York Heart Associa- 
tion (NYEA) Functional Class IV, 27 (52%) in 
Class III, and only 3 (6%) in Class Il. A mitral 
commissuzotomy had been performed previ- 
ously in 12 patients (twice in 4), and 1 patient 
had been operated on previously for removal of 
a left atri] myxoma. We replaced the mitral 
valve through a median sternotomy using a 
standardized operative technique. Exposure for . 
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Number and Type of Operative Procedures 
Relative to Hospital Deaths 








No. of Hospital 
Operative Procedure Patients Deaths 
Isolated MVR 28 0 
MVR + coronary bypass 9 0 
grafting 
MVR + coronary bypass+ 1 0 
ventricular aneurysm 
resection 
MVR + Carpentier ring 6 2 
tricuspid annuloplasty 
MVR + tricuspid valve re- 1 0 
placement 
MVR + AVR 5 1 
MVR + AVR + Carpentier 1 0 
ring tricuspid annulo- 
plasty 
Total 51 3 (5.9%) 


MVR = mitral valve replacement; AVR = aortic valve re- 


placement. 


valve excision was obtained by ischemic car- 
diac arrest with cold potassium cardioplegia for 
periods not exceeding 50 minutes. Prosthetic 
valves used included 39 Hancock porcine 
heterografts, 3 Carpentier-Edwards hetero- 
grafts, and 9 Björk-Shiley mitral valve pros- 
theses. As outlined in the Table, isolated mitral 
valve replacement with or without coronary 
bypass operation was done in 38 patients, with 
no hospital deaths. The patient who under- 
went a triple-valve procedure survived, but 3 
of 12 patients undergoing double-valve proce- 
dures died. 


Results 

Analysis of Hospital Deaths 

The 3 hospital deaths occurred in debilitated, 
elderly women in NYHA Functional Class IV 
who underwent double-valve procedures. One 
was a 60-year-old woman who was seen in con- 
gestive failure from mixed mitral stenosis and 
insufficiency, and tricuspid insufficiency 8 
years after open mitral commissurotomy. Left 
ventricular end-diastolic pressure was 12 mm 
Hg, the mean gradient was 12.4 mm Hg, pul- 
monary artery pressure was 40/20, and the car- 





Fie 1. Specimen taken postmortem showing a transverse 
ventricular rupture situated between the papillary mus- 
cle stumps and the mitral annulus. It resulted in a false 
aneurysm and death two weeks after operation. 


diac index was 1.6 L/min/m*. A Bjórk-Shiley 
mitral valve prosthesis replaced a fibrocalcific 
mitral valve that was completely excised, and a 
widely insufficient tricuspid valve was made 
competent by an annuloplasty with a Carpen- 
tier ring. The patient emerged from 150 minutes 
of cardiopulmonary bypass without difficulty. 
During the next 24 hours, left ventricular power 
failure developed, with elevation of the mean 
left atrial pressure to 40 mm Hg, but responded 
to intraaortic balloon pump assistance and ino- 
tropic drug support. Repeat left ventricular an- 
giography on the first postoperative day dis- 
closed a normally functioning valve prosthesis 
and a questionable filling defect on the left 
ventricular angiogram. The patient became 
balloon-dependent and died two weeks after 
operation. Postmortem examination showed a 
posterior pseudoaneurysm rising from a trans- 
verse ventricular rupture situated between the 
mitral valve annulus and the intact papillary 
muscle stumps (Fig 1). 

The second patient, a 61-year-old woman, 
underwent combined aortic and mitral valve re- 
placement for rheumatic valvular disease. Before 
operation, mean gradients measured across the 
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Fig 2. Specimen taken postmortem showing a transverse 
ventricular rupture between the papillary muscle 
stumps and the posterior mitral annulus. 


aortic and mitral valves were 42 mm Hg and 9 
mm Hg, respectively. The left ventricular end- 
diastolic pressure was 13 mm Hg, pulmonary 
artery pressure was 62/30, and the cardiac index 
was 2. L/min/m?. Valve replacement with 
Bjórk-Shiley prostheses for both the aortic and 
mitral valves was accomplished during a 110- 
minute period of cardiopulmonary bypass, 
using separate ischemic arrest periods of 21 and 
47 minutes. Excision of both the anterior and 
posterior leaflets of the mitral valve and their 
chordae tendineae was accomplished without 
difficulty. Left ventricular power failure de- 
veloped 1 hour after terminating cardiopulmo- 
nary bypass, requiring inotropic drug support 
and then initiation of intraaortic balloon pump 
assistance. There was no excessive intraopera- 
tive bleeding. Shortly after return to the inten- 
sive care unit the patient died. Postmortem ex- 
amination showed a 4.5 cm transverse posterior 
ventricular rupture situated between the mitral 
annulus and the unexcised papillary muscles 
(Fig 2). 

The third patient died of Klebsiella pneumo- 
nia. 


Fig 3. Operative photograph of the mitral annulus as 
viewed threugh a left atriotomy. A portion of the poste- 
rior leaflet of the mitral valve and the intermediate and 
basalar chordae tendineae have been preserved. 


Preservation of the Posterior 

Chordae Tendineae 

After there were 2 operative deaths from trans- 
verse ventricular rupture, the remaining 14 
patients in this series underwent mitral valve 
replacement by a modified technique. The poste- 
rior leaflet was not excised in 5 patients with 
myxomatous degeneration or ischemic mitral 
disease, and was partially excised, leaving the 
intermediate and basal chordae attachments in- 
tact, in 9 patients with rheumatic valvular dis- 
ease (Figs 3, 4). There were no deaths or evi- 
dence of valve dysfunction in these patients. 
Two were operated on early after acute trans- 
mural diaphragmatic myocardial infarction for 
papillary muscle rupture, which produced car- 
diogenic shock and required intraaortic balloon 
pump assistance preoperatively. During mitral 
valve replacement, the remaining posterior 
chordae tendineae that were intact and that 
subtendec the infarcted ventricular wall were 
preserved. No marked differences, however, 
were seen :n inotropic drug requirements post- 
operatively or in intensive care unit stay in the 
14 patients in whom the posterior chordae ten- 


‘iff 
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Fig 4. Technique of partial posterior mitral valve leaflet 
excision and the placement of interrupted annular su- 
tures to seat the prosthetic mitral valve. 


dineae were preserved compared with the 34 
patients in whom the posterior chordae were 
excised. 


Comment 

In this series and that of Cobbs and co-workers 
[2], transverse ventricular rupture was the most 
common cause of death after mitral valve re- 
placement. This complication is being reported 
more frequently as more debilitated and elderly 
patients undergo mitral valve replacement [12]. 
In 1967, Roberts and Morrow [9] reported 3 
cases of left ventricular rupture following 
mitral valve replacement out of 34 patients 
studied postmortem. Bjórk and associates [1] 
described their surgical experience with 394 
patients undergoing mitral valve replacement; 8 
of these patients sustained left ventricular rup- 
ture (2%). MacVaugh and colleagues [7] had 5 
such complications among 253 mitral valve re- 
placements; and Wolpowitz and associates [14] 


encountered 4 ventricular ruptures in 663 mitral 
valve replacements. Zacharias and associates 
[15], however, had only 6 instances of left ven- 
tricular rupture in 1,154 mitral valve replace- 
ments (0.596). In their experience with cardiac 
operations in elderly patients aged 70 to 82 
years, Stephenson and co-workers [12] had 2 
instances of delayed ventricular rupture among 
14 patients who underwent mitral valve re- 
placement (1496). In both patients ventricular 
rupture occurred in the recovery room, and, at 
postmortem examination, the rupture was be- 
tween the mitral annulus and the unexcised 
papillary muscle stumps, an area unlikely to 
have been injured at operation. 

In their postmortem study, Roberts and Mor- 
row [9] found a separation of the ventricle from 
the atrium at the mitral annulus in 1 patient and 
a left ventricular wall perforation in 2 others. 
Treasure and colleagues [13] classified these 
tears into two types: type I is a tear of the thin 
attachment of the atrium to the ventricle in the 
posterior ventricular groove, and type II is a 
tear in the midportion of the left ventricle 
overlying the papillary muscles. They sug- 
gested that type II tears result from overzealous 
excision of papillary muscles and type I tears, 
from excessive atrial retraction, particularly in 
the presence of ventricular-pericardial adhe- 
sions from previous operations or from over- 
zealous resection of a fibrocalcific posterior mi- 
tral valve leaflet. These authors saw 7 patients 
with tears; 4 with type I and 3, type II tears. 
Two of the patients with type II tears survived. 

This classification has been adopted by sub- 
sequent investigators on the assumption that 
tears in the left ventricular wall are somehow 
related to papillary muscle excision. Not all left 
ventricular ruptures, however, can be classified 
as type Lor type II as described by Treasure and 
associates [13]. In their 2 patients with ven- 
tricular rupture, Stephenson and co-workers 
[12] noted that the papillary muscles were not 
cut (the chordae tendineae were divided at their 
origin), and that rupture occurred in both pa- 
tients after they had left the operating room. In 
our 2 patients, ventricular rupture also occurred 
in both after they had left the operating room, 
and the tears were between the base of the 
papillary muscles and the mitral annulus. In our 
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Fig 5. Location of the three types of ventricular rupture 
that may occur when the mitral valve apparatus is 
completely excised for mitral valve replacement. 


patients also, the papillary muscle itself was not 
excised. Therefore, we propose that ventricular 
rupture after mitral valve replacement be re- 
classified into three types: types I and II as de- 
scribed by Treasure and associates [13] and type 
III to denote ventricular tears that occur be- 
tween the mitral annulus and the base of the 
papillary muscles—the area of left ventricle 
formerly tethered by the posterior chordae 
tendineae (Fig 5). Type III tears do not appear to 
be related to the technique of posterior mitral 
apparatus excision. They occur most commonly 
in elderly patients in NYHA Class IV when the 
posterior chordae tendineae have been re- 
moved for valve replacement. The area of poste- 
rior left ventricle subtended by the posterior 
chordae tendineae ruptures transversely after 
the ventricle becomes pressure loaded. In two 
reports a hypertensive crisis was associated 
with the onset of ventricular rupture in the re- 
covery room [12, 14]. The type III ventricular 
rupture is not related to the type of valve pros- 
thesis used. In our 2 patients who died, a 
Bjórk-Shiley prosthesis was involved, with the 
disc oriented posteriorly in 1 and anteriorly in 
the other; in the 6 patients reported by Cobbs 
and associates [2], rupture occurred with a 
Hancock prosthesis. The cause of type III rup- 


tures is not clear. Presumably the absence of 
supporting chordae tendineae renders this 
portion of the posterior free ventricular wall 
vulnerable to rupture when it becomes pressure 
loaded, particularly in nutritionally depleted, 
elderly patients. 

Approximately a third of ventricular ruptures 
occur in the recovery room [1-3, 5-7, 9, 11- 
15]. Approximately one-half of the ventricular 
ruptures previously reported occurred at the 
atrioventricular groove, the other half being 
classified as type II tears. Most patients do not 
survive this catastrophic complication, which 
is manifested by exsanguinating hemorrhage, 
contained hemorrhage with hematoma forma- 
tion and low cardiac output (our 2 patients), or 
as a psuedoaneurysm found months or years 
after operation [3, 6, 11]. Diethrich and col- 
leagues [3] reported a patient who was seen 
with a false aneurysm of the atrioventricular 
groove, which produced compression of the 
circumflex coronary artery and a myocardial 
infarction, 5 months after mitral valve replace- 
ment. MacVaugh and colleagues [6] successfully 
repaired a subvalvular left ventricular aneu- 
rysm recognized 3 months after mitral valve re- 
placement. 

After encountering two patients with ven- 
tricular rupture, we began to preserve all or 
some of the posterior chordae tendineae when 
replacing the mitral valve, as originally de- 
scribed by Lillehei and co-workers [5]. In pa- 
tients with myxomatous degeneration and 
ischemic mitral disease, the posterior leaflet is 
left completely intact. Figure-of-eight or hori- 
zontal mattress sutures are placed through the 
leaflet and through the posterior mitral an- 
nulus. In patients with fibrocalcific rheumatic 
valvular disease, the posterior leaflet is partially 
excised, preserving as many of the intermediate 
and basal chordae as possible (see Fig 4). In 
heavily calcified valves, a smooth posterior 
valve rim is scalloped out with a pituitary 
rongeur to permit proper seating of the 
prosthetic valve. The calcified posterior leaflet 
is only partially excised, preserving the inter- 
mediate and basal chordae tendineae. When all 
or part of the posterior leaflet apparatus is left 
intact, type I and type II tears can be obviated 
also. 
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Lillehei and associates [5] reported that ven- 
tricular function was improved after operation 
when the papillary muscles and chordae ten- 
dineae were preserved in mitral valve replace- 
ment. Other investigators have found no dif- 
ference in ventricular function whether or not 
the posterior chordae are preserved [4, 8, 10]. 
Nevertheless, ventricular rupture, attendant on 
removal of the posterior mitral valve apparatus, 
has become a major cause of death after mitral 
valve replacement. A prosthetic valve can be 
inserted into the mitral position when the pos- 
terior mitral apparatus has been left intact, and 
can function normally without paravalvular 
leaks. With preservation of the posterior chor- 
dae tendineae, the risk of ventricular rupture 
after mitral valve replacement should be re- 
duced. 
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Calcific Stenosis of the Porcine Heterograft 


John J. Lamberti, M.D., Bruce H. Wainer, M.D., Kenneth A. Fisher, M.D., 
Harischandra B. Karunaratne, M.D., and Jafar Al-Sadir, M.D. 


ABSTRACT We have encountered two cases of late 
calcification of the porcine heterograft. A patient in 
chronic renal failure died of sepsis and endocarditis 
fifteen months after replacement of the mitral and 
tricuspid valves. At postmortem examination, both 
heterograft valves exhibited severe calcification and 
thrombosis. A second patient with rheumatic heart 
disease and sickle cell disease underwent mitral 
valve replacement for severe regurgitation. Thirty 
months later, cardiac catheterization revealed 
prosthetic valve stenosis. The valve was replaced 
successfully, and the excised heterograft exhibited 
severe calcification with restriction of leaflet motion. 
Although calcification of the porcine heterograft is 
known to occur in patients with infection or disor- 
ders of calcium metabolism, dysfunction of the 


heterograft is rare in our experience. 


The glutaraldehyde-preserved porcine hetero- 
graft valve has been in use for more than six 
years and its durability and hemodynamic 
performance have been well established [1, 9, 
10]. Although recent reports have indicated that 
late degeneration of the porcine heterograft can 
occur [2, 6, 7, 12], there have been only scat- 
tered reports of primary valve failure [3, 11]. In 
a few cases, endocarditis has resulted in de- 
terioration of valve leaflets [6, 7]. At the Univer- 
sity of Chicago Hospitals and Clinics, more 
than 120 glutaraldehyde-processed porcine 
valves have been implanted since 1974. We 
have encountered 2 patients with calcification 
of the heterograft. This report describes the 
clinical and pathological findings in these pa- 
tients. 


Patient 1 
An 18-year-old black woman was admitted to 
the University of Chicago Hospitals and 
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Clinics for the first time in August, 1974. She 
was chronically ill (weight, 36 kg; height, 160 
cm), had sickle cell disease, and was thought to 
have had acute rheumatic fever when she was 
14 years old. Since then, progressive cardiomeg- 
aly had developed as well as gradual onset of 
dyspnea on exertion, palpitations, and frequent 
chest pain. On admission, there were signs of 
severe biventricular heart failure with massive 
cardiomegaly and severe mitral regurgitation. 
Treatment included anticongestive therapy and 
packed red cell transfusions. Cardiac catheteri- 
zation (Table) revealed severe mitral regurgita- 
tion. Exchange transfusions reduced the sickle 
hemoglobin level to less than 10%. On Sep- 
tember 12, 1974, the mitral valve was replaced 
with a 31 mm Hancock porcine heterograft. The 
patient was discharged two weeks after opera- 
tion on a regimen of Coumadin (sodium warfa- 
rin), digcxin, and Lasix (furosemide). She did 
well and experienced a marked increase in 
exercise tolerance. In February, 1975, she was 
hospitalized for a sickle cell crisis, and antico- 
agulation was discontinued. At the next visit, a 
diastolic rumble was easily audible, and she 
was readmitted for cardiac catheterization. 

On April 2, 1975, (see Table), a high resting 
cardiac output was detected, probably due to 
the sickle cell anemia (hematocrit, 2796). Pul- 
monary artery pressure was mildly elevated, 
and there was a mean diastolic mitral valve gra- 
dient of 10 mm Hg. The calculated mitral valve 
area was 2.2 cm’. It was decided that the high 
resting valve gradient probably represented 
functional stenosis of the heterograft, that the 
diastolic rumble was easily audible because of 
the patient's extreme thinness, and that the 
prosthesis was functioning normally. Ven- 
triculography showed no evidence of mitral 
regurgitation. She was in normal sinus rhythm 
and doing well without cardiac symptoms. The 
patient did well until March, 1977, when she 
returned with symptoms of congestive heart 
failure. The diastolic murmur was much louder. 

On April 20, 1977, the third cardiac catheteri- 
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Serial Cardiac Catheterization of Patient 1 





Date of Catheterization 








Determination 8/28/74 4/2/75 4/20/77 5/11/77 

Pulmonary artery pressure 50/20 43/25 90/55 50/25 
(mm Hg) 

Mean pulmonary artery 20 23 36 12 
wedge pressure (mm Hg) 

Left ventricular pressure 120/18 100/14 125/17 120/10 
(mm Hg) 

Cardiac output (L/min) 5.6 6.6 4.5 8.1 

Mean diastolic mitral 0 10 25 8 
valve gradient (mm Hg) 

Calculated mitral valve ae 0.76 2.3 
area (cm5) 

Mitral valve index (cm") 1.5 0.57 1.5 

Ejection fraction (96) 69 43 NA 57 


NA = not available. 





Fig 1. (Patient 1.) Atrial surface of the excised mitral 
heterograft. Only the smallest of the three leaflets was 
flexible. The other two leaflets were grossly calcified 
and rigid. The functional orifice of the valve consisted 
of the area of the small leaflet. 


(see Table). Severe 


stenosis of the prosthesis was detected, with a 


zation was performed 
resting mean diastolic mitral valve gradient of 
25 mm Hg. The calculated mitral valve area was 
0.76 cm*. There was marked pulmonary hyper- 
tension and no evidence of mitral regurgitation. 
On April 26, 1977, the porcine heterograft was 
excised. There was no evidence of thrombus 


Fie 2. (Patient 1.) Radiograph of the excised porcine 
valve. Note the dense calcification along two of the 
three commissures. These calcifications were not visible 
on chest roentgenogram or fluoroscopy of the valve at 
cardiac catheterization. 


formation in the left atrium or on the prosthe- 
sis. Calcific deposits were apparent on the atrial 
side of all three leaflets. The two larger leaflets 
were heavily calcified and essentially rigid (Figs 
1, 2). The smallest leaflet was less calcified and 
was movable. The total functional orifice of the 
valve consisted of the area formed by the third 
and smallest leaflet. The valve was excised and 
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a 33 mm Edwards porcine heterograft was im- 
planted. The patient was recatheterized on May 
11, 1977 (see Table). Pulmonary artery pressure 
had returned to previous levels and the resting 
mean diastolic valve gradient was 8 mm Hg, 
with an elevated cardiac output. The calculated 
mitral valve area was 2.3 cm’, and a left ven- 
triculogram revealed no evidence of mitral re- 
gurgitation. The patient has done well since the 
second valve implantation. 


Pathological Findings 

The excised porcine heterograft was grossly in- 
tact; however, two of the three leaflets exhib- 
ited a brittle calcific consistency and were held 
rigidly in the closed position. The commissures 
of the valve leaflets were not fused. No vegeta- 
tion was noted, grossly. Microscopically, there 
were extensive degeneration of collagen, cal- 
cium deposition, and ulceration of the overly- 
ing endothelium. Microscopic deposits of fibrin 
were also present on the endothelial surfaces. 
No microorganisms were seen. 


Patient 2 

A 45-year-old white woman had congenital 
polycystic kidneys. She had had rheumatic 
fever when she was 5 years old, which resulted 
in a residual heart murmur. When she was 24 
years old, she underwent left nephrectomy for a 
necrotic polycystic kidney. Two years later, she 
experienced acute rheumatic fever. In 1973, 
when she was 41 years old, she was first seen at 
the University of Chicago Hospitals and Clinics 
with end-stage renal failure. Long-term hemo- 
dialysis was initiated. Cardiac catheterization 
in August, 1973, revealed severe mitral regur- 
gitation, with an enlarged left ventricle. Pul- 
monary artery pressure was normal, and left 
ventricular function was slightly depressed. In 
1974, a right nephrectomy was performed in 
preparation for cadaver kidney transplantation. 
In March, 1975, splenectomy was performed, 
followed by cadaver renal transplantation in 
May, 1975. In July, 1975, she underwent recon- 
struction of the ureterovesical junction and cre- 
ation of a pericardial window for chronic 
pericarditis. Two weeks later, lung cultures 
grew cytomegalovirus. In September, 1975, the 
patient’s condition deteriorated rapidly with 
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biventricular heart failure. Clinical evidence of 
severe tricuspid regurgitation was present. 
Renal function deteriorated and blood urea ni- 
trogen, which had been normal, rose to 60 mg 
per 100 ml. Infusion of nitroprusside was ini- 
tiated, with stabilization; however, renal func- 
tion did not improve. Emergency mitral and 
tricuspid valve replacements were carried out. 
The postoperative course was stormy and com- 
plicated by acute tubular necrosis superim- 
posed on chronic transplant rejection. Renal 
function gradually improved, and the patient 
was weaned from dialysis; however, chronic 
infection in the transplant eventually destroyed 
the kidney. Long-term hemodialysis was re- 
started in February, 1976. The patient did rea- 
sonably well until June, 1976, when frequent 
infections, hypotension with dialysis, and evi- 
dence of congestive heart failure developed. In 
January, 1977, Staphylococcus aureus septicemia 
developed, and the patient died. 


Pathological Findings 
At postmortem examination, the heart weighed 
650 gm. In the tricuspid area, the free margins 
of the porcine valve cusps were poorly ap- 
proximated and appeared incompetent. The 
valve cusps exhibited a brittle calcific consis- 
tency with marked fissuring of the en- 
dothelium. The commissures were not fused. 
Several small adherent fibrin vegetations were 
also present on the cusp surfaces. The right 
ventricle showed multiple foci of endocardial 
thickening and several small organizing mural 
thrombi. The left atrium was markedly dilated 
and contained a large mural thrombus occupy- 
ing approximately 25% of the chamber volume. 
The surface of the thrombus was completely 
endothelialized. The free margins of the por- 
cine valve cusps in the mitral area were well 
approximated but were affected to a less severe 
extent by the same calcific process observed in 
the tricuspid prosthesis. The commissures were 
not fused. The left ventricle was moderately di- 
lated with focal areas of endocardial thickening 
and several small organized mural thrombi. The 
aortic and pulmonary valves were intact. 
Microscopic sections of both porcine hetero- 
grafts showed marked disruption of the normal 
valvular architecture. The valvular connective 
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tissue contained multiple foci of the calcium 
deposition, which ranged from fine basophilic 
stippling of individual cells to medium-sized 
intracellular calcium granules. Larger extracel- 
lular clumps of calcium were abundant along 
with degenerative changes of the connective 
tissue. The overlying endothelium showed 
focal areas of ulceration, which were most pro- 
nounced on the inflow surfaces of the valves. 
Endothelial surfaces also showed focal areas of 
fibrin deposition with little or no tissue reac- 
tion. Occasional clumps of gram-positive cocci 
were seen but there was no evidence of active 
inflammation. 


Comment 

More than 20,000 glutaraldehyde-fixed por- 
cine cardiac valve prostheses have been im- 
planted [13]. Numerous clinical reports detail 
the excellent clinical rehabilitation of patients 
receiving this form of valve replacement [1, 9, 
10]. It is now apparent that glutaraldehyde- 
stabilized porcine valves function well for more 
than six years and that their hemodynamic 
performance is quite satisfactory [1, 9, 10]. Sev- 
eral reports published within the last three 
years describe the pathological anatomy of por- 
cine valves recovered from patients at various 
intervals after implantation [2, 3, 6, 7, 11, 12]. 
Two recent reports indicate that late disruption 
of collagen can occur in valves that appear mac- 
roscopically normal [2, 6]. These valves ap- 
peared to be functioning quite well and the 
eventual fate of functioning porcine valves with 
evidence of collagen disruption is not known. It 
seems that there is dynamic interaction be- 
tween the implanted porcine valve and the host 
[6]. Endothelium is denuded to a great extent 
during the processing of the valves and the 
valves undergo infiltration with host cells and 
plasma during the first months after implanta- 
tion. It is of interest that the alterations detected 
by ultrastructural study appear to have little in- 
fluence on valve performance within the first 
five to six years after implantation [6]. 

The association of heterograft calcification 
with disorders of calcium metabolism has been 
reported previously. Fishbein and co-workers 
[7] reported calcification of a porcine hetero- 
graft in a patient on a regimen of long-term dial- 


ysis. Since recent reports indicate that host red 
blood cells and plasma may be detected within 
the matrix of implanted porcine heterografts 
[6], the tendency for ectopic calcification in pa- 
tients in chronic renal failure [8] might be ex- 
pected to result in focal deposits of calcium in 
valve leaflets. At the present time, we believe 
that chronic renal failure may constitute a rela- 
tive contraindication to the implantation of a 
porcine heterograft. Unfortunately, dysfunction 
of the prosthetic valves was not suspected in 
Patient 2 until very late in the course when sep- 
sis and endocarditis were diagnosed. 

Rare instances of apparent idiopathic calcifi- 
cation of the xenograft have been reported [3, 
11, 12]. Our Patient 1 had sickle cell disease. 
She underwent mitral valve replacement in 
September, 1974. Seven months later, repeat 
cardiac catheterization was performed because 
a diastolic rumble was heard. The heterograft 
was found to be functioning well and the cal- 
culated mitral valve area was 2.2 cm’. This valve 
area is similar to that reported in the literature 
[9;. Two years later, the patient was seen with 
evidence of congestive heart failure and a loud 
diastolic rumble. There was no evidence of 
bacterial endocarditis. Cardiac catheterization 
revealed severe stenosis of the prosthesis. At 
operation, we found no evidence of thrombosis 
in the atrium or on the valve. Instead, two of 
the three leaflets were rigid secondary to exten- 
sive degeneration of collagen with calcium de- 
position in the valve leaflets (see Fig 1). The 
etiology of the degeneration and calcification 
was not apparent. We elected to implant an- 
other porcine valve because of the known de- 
creased risk of thromboembolism when this 
prosthesis is used [1, 9, 10]. Anticoagulation 
can carry an increased risk in patients with 
sickle cell disease since infarction of various or- 
gans may be a concomitant of sickle cell crisis. 

Patient 1 had no detectable abnormalities of 
serum calcium during any periods of hospitali- 
zation; however, there are data to suggest that 
sickle red cells could have abnormal calcium 
metabolism [4, 5]. It is possible that when sickle 
red cells lodge in the collagen matrix of the por- 
cine valve, red cell death and calcium deposi- 
tion can occur. In view of this, the presence of 
sickle cell disease can lead to early calcific de- 
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generation of the porcine heterograft. Since this 
association has not been reported by any other 
group, we must consider it to be conjecture at 
the present time. 

The association of heterograft calcification 
with renal failure or endocarditis or both condi- 
tions seems well established. Idiopathic calcifi- 
cation of the heterograft occurs very rarely; in 
our series less than 1% of implanted porcine 
valves has exhibited this phenomenon. This 
primary valve failure rate is acceptable, par- 
ticularly when the signs of failure are easily 
detected clinically. In comparison to the cata- 
strophic nature of prosthesis failure with me- 
chanical valves, a rare occurrence of porcine 
valve calcification is acceptable. Clinicians fol- 
lowing patients with porcine heterografts 
should be aware of the possibility of late mal- 
function of the valve and recognize that diag- 
nosis and treatment are straightforward. 
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Notice from the Southern Thoracic Surgical Association 


The Twenty-sixth Annual Meeting of the 
Southern Thoracic Surgical Association will be 
held at the Hilton Palacio Del Rio Hotel, San 
Antonio, TX, Nov 1-3, 1979. There will be a 
$100 registration fee for nonmember physi- 
cians except for guest speakers, authors and 
co-authors on the program, and residents. 


Applications for membership should be 
completed by Sept 1, 1979, and forwarded to 
Thomas O. Gentsch, M.D., 1150 NW 14th St, 
Miami, FL 33136. 


Richard B. McElvein, M.D. 
Secretary- Treasurer 


DAVIS+GECK 


Long-term holding power... 





TI-CRON‘ silicone-treated polyester suture. 


TI-CRON gives you optimal passage through tissue. 


security in cardiovascular TI-CRON also handles easily. 

surgery...including prosthesis It does not stretch, and knots 

implantation. It offers you slide easily into place without 

exceptional strength and chatter. 

holding power, plus flexibility TIXCRON. The proven 

and softness. It is treated with suture with long-term holding 

physiologically inert medical- ^ power for long-term security in 

grade silicone for smooth cardiovascular surgery. 
DAVIS+GECK 


American Cyanamid Company 
Pear River, N.Y. 40965 


2ACING SIMPLICITY, 
EAD SUPERIORITY 


A SIGNIFICANT E 
Y Aule. Ig 
PACING SYSTEM 

ECHNOLOGY 


Pl.'s new Porous Tip Lead 
ncourages living tissue to 
row within the electrode, 
reating a bond between the 
eart and the MICROLITH,-P 
rogrammable pacing system. 
he remarkable characteristics 
f this bond allow you to 
ake full advantage of the 
ICROLITH-P’s programmable 
patures. 


PROVED ELECTRODE 
TA BILITY 


2 Porous Tip Lead's direct 
ond with heart tissue resists 
islodgement significantly 
etter than conventional leads. 


IMPROVED SENSING 
CAPABILITY 


With greatly reduced fibrotic 
build-up at the electrode site, 
the new Porous Tip Lead 
improves sensing capabilities. 


IMPROVED ECONOMY 
OF CURRENT DRAIN 


Optimize longevity of the 
MICROLITH-P through the 
reduced current drain of the 
Porous Tip Lead. The small 
7.5mm? tip utilizes available 
energy efficiently without 
compromising sensing 
capabilities or patient safety. 


@, » 


Cardiac Pacemakers, Inc. 


MICROLITH-P 


COMPATIBLE DESIGN 
FOR CONSISTENT 
PERFORMANCE 


Never before has a pacing 
system achieved this high 
degree of integration with the 
requirements of the human 
body. 


For more information on how 
MICROLITH-P and the Porous 
Tip Lead work together to 
improve pacing reliability and 
patient care, contact your CPI 
representative or call Toll-Free 
(800) 328-9588. 


Cardiac Pacemakers, Inc 
4100 North Hamline Avenue 
P.O. Box 43079 

St. Paul, Minnesota 55164, U.S.A 


INVOLVED IN MANKIND 


c) 1979 Cardiac Pacemakers, Inc 





2 jist ~” bond with 


through ingrowth of 
diameter of the 
r mesh fibers is 
to that of an individual 
diminishes forei Jn 


r 
| 


» 


- 


[e 
Ion resulting Ta! small 
g 





Preparation of Manuscript 


Illustrations 


Nomenclature and Statistics 


Credits and Permissions 


Reprints 


INFORMATION FOR AUTHORS 


Original manuscripts on thoracic, cardiac, and peripheral vascular surgery will be considered for 
publication in The Annals of Thoracic Surgery with the understanding that they be submitted only to 
this journal. Send manuscripts preferably by certified or registered mail to Herbert Sloan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7079 University Hospital, Ann Arbor, MI 48104. 


The Annals welcomes correspondence. Letters are reviewed according to the same standards as other 
contributions. Unsigned letters cannot be published. 


Type entire manuscript double-spaced on standard-sized paper, using standard margins. Number 
pages consecutively in this order: title page, abstract, text, references, tables, legends. Place au- 
thor's name and page number in the upper right corner of each page. Submit original typescript and 
duplicate with duplicate illustrations; retain a copy of the typescript. Provide an abstract of approxi- 
mately 150 words for an original article or collective review. Abstracts for case reports, notes, and 
"how to do it” articles may be shorter. 


Page Charges. Original articles exceeding a maximum of 9 printed pages are subject to an overage 
charge of $100 per page. There are approximately 700 words on one printed page of The Annals. A 
standard elite type, double-spaced typewritten page with 1!" margins all around contains about 
250 words. Therefore, to stay within the maximum limit, manuscripts should contain no more than 
25 typed pages, including references, and proportionally less if figures and tables are included. 


Title Page. Give the paper a brief title. On page 1 of the manuscript give names of all authors, 
highest degree, institutional affiliations (limit to two), and location. If the paper has been presented 
at a scientific meeting, provide a footnote giving name of meeting, date, and location. Provide 
address for mailing proofs and indicate to whom reprint requests should be sent. 


Text. Provide succinct internal headings to clarify the paper's organization. Type footnotes on the 
manuscript page where cited. Cite tables and illustrations by number in the text. Give all weights 
and measures in metric units. 


Case Reports. Limit findings to those pertinent tc the case. Negative findings that are not relevant 
should be omitted. 


References. Type double-spaced on pages separate from the text. Arrange alphabetically by author 
and number in sequence. Cite in text by number within brackets. Double-check to ensure accuracy. 
Use the following style and Index Medicus journal abbreviations, and give complete publication 
data. Examples: 
Journal article: Munnell ER, Dilling E, Grantham RN, et al: Reappraisal of solitary bronchiolar 
(alveolar cell) carcinoma of the lung. Ann Thorac Surg 25:289, 1978 
Book: Baum G: Textbook of Pulmonary Diseases. Second edition. Boston, Little, 
Brown, 1974 
Chapter in book: Grillo HC: The thorax, in Surgery. Third edition. Edited by GL Nardi, 
GD Zuidema. Boston, Little, Brown, 1972, p 243 


Tables. Limit the number of tables, restrict them to material best presented in tabular form, and hold 
length to one manuscript page if possible. Type double-spaced on pages separate from the text. 
Provide a brief title for each table. 


Illustration Legends. Type double-spaced on pages separate from the text. Do not paste or fasten to 
the illustrations. Provide one legend for each illustration or grouped illustrations and number in 
sequence. 


The Annals can consider only a limited number of illustrations per paper without special arrange- 
ment. Submit original artwork or unmounted original glossy prints (individual parts separate) in 
black and white. (Color may be used only by special arrangement and is subject to extra charges.) A 
line drawing that contains no shading or wash can be reproduced well from a glossy photograph. A 
line drawing with shading, however, can be best reproduced from the original drawing. Illustrative 
material must be of good quality, suitable for reproduction and for reduction as necessary to page 
size. Chest roentgenograms should be no smaller than 13 x 18 cm. Identify by number in sequence 
and by author's last name by writing lightly with soft pencil on the back. Indicate top of illustration. 
Accompany photographs of recognizable persons by a signed release from the subject. All illus- 
trations should be submitted in duplicate. Do not use paper clips to attach illustrations. 


Color Illustrations. Color figures of real value to an article will be considered for publication. Part of 
the reproduction and printing costs will be borne by The Annals; the author must be prepared to pay 
$350 for up to six finished illustrations that will fit on one side of a single page, and for any 
additional figures or special effects. Positive 35 mm color transparencies must be submitted for 
evaluation; color prints should not be sent without transparencies. The slides should be packed 
carefully and sent with the manuscript, in a separate container or between two sheets of cardboard. 
(Glass-mounted slides should not be sent through the mail.) 


Guidelines for Data Reporting (Ann Thorac Surg 24:398, 1977; see also Erratum, Ann Thorac Surg 
25:35, 1978). Authors are referred to these guidelines for appropriate terminology and methods of 
data analysis to be used in submitted manuscripts. 


Obtain and submit with the manuscript written permission to use nonoriginal material (quotations 
exceeding 100 words, any table or illustration) from both author and publisher of the original. 


Reprints should be ordered before publication on the form supplied the author with proofs. Re- 
prints ordered after the press run has been completed will be provided at increased cost. 


A-24 





ILICONE 


AXIOM 
DUAL SUMD 


THE SOFT ANSWER TO YOUR TOUGH DRAINAGE PROBLEMS 






























High flo - not excessive suction - is the 
main criterion which promotes drainage. 
Axiom's two sump lumens create high 
internal flow rates that accelerate 
fluid removal without applying ex- 
cessive suction to tissue and 
allow for closed system irriga- 
tion of thick exudates. All 

















The E 72 C this in a non ~ wettable 
primary E. he silicone that helps to 

^ maintain patency even 
EE eim eV over prolonged use. 
E-Media Each drain comes 


is to promote 
wound healing. 
Axioms one sump 
lumen has maximal 
flow-thru in non-clot - 
ting silicone to avoid 

complications of other 
sump tubes - namely, tis- 
sue erosion and visceral 
occlusion - and overfilled 
reservoirs seen with closed 
suction systems. This supple 
drain contours gently, is easy 
to remove, is soft for your patient. 


AXIOM 


MMMM d 


A SUPERIOR ALTERNATIVE TO CLOSED SUCTION DRAINS 


c— ii n A —— — AX AX A ANNO LANE a ANN AK a GAAP a a a a a a a a a ae ae AP AP AP APP PN a 


in two lengths 
and with small 
or large eyes. 


d a 
= 





UNIOUN 


THE USE OF SUCTION IN CLINICAL MEDICINE IS TO 
OVERCOME RESISTANCE TO FLOW. RESEARCHERS 
HAVE PROVEN THAT SUCTION CAN STIMULATE 
“OOZING? PROLONG SMALL CAPILLARY BLEED - 
ING AND CAUSE EROSION OF VISCERA OR 
BLOOD VESSELS RESULTING IN FISTULAS 
OR HEMORRHAGE. 

THERE IS AN ALTERNATIVE —— — 

























1. AXIOM DUAL SUMP- high internal 
flow rates PLUS irrigation 
capabilities in non-clog - 
ging silicone. 

2.AXIOM UNI SUMP - high 
flow rates in a small 
soft penrose like 
drain. 

3. AXIOM SUMP VENTS 
contoured for 
low angle 
entry and 
snug fit. 






jl 


€ Fi 
TC Mus 4 


2 






N 














Cardiac Pacing 














InterLith-RP The versatile response to changing 


rate requirements. 


InterLith-RP provides the versatility you need to 
respond to your patients' heart pacing requirements, 
both now and asthey may change over time. Using the 
[ÜnterLith-RP's uncomplicated Programming Wand and 
Programmer, you can alter the stimulation rate ofthe 
pacemaker to 51, 55, 60, 65, 72, 80, 90, 103 or 120 pulses per 
minute. 

This programming flexibility coupled with the 
superior reliability of CMOS circuitry and the longevity of 
a proven lithium-iodine power source, enables you to 
respond to your patients changing rate needs. Under 
Intermedics’ superior Patient Lifetime Replacement 
Agreement, any InterLith-RP that fails during the 
patient's lifetime will be replaced at no charge with 
another InterLith-RP or comparable state-of-the-art 
[ntermedics pulse generator. 

The InterLith-RP combines versatility with Intermedics 
pacematker reliability to give you control and 
confidence in your heart pacing decisions. 

Versatility is just one important reason to put your 
confidence in InterLith-RP 


InterLith? is a registered trademark of Intermedics, Inc., Freeport, TX. 





VERSATILITY 








4 Intermedics lnc. 


Our business is life. 


Surgical Management of Lung Bud Anomalies: 


Lobar Emphysema, Bronchogenic Cyst, Cystic Adenomatoid 


Malformation, and Intralobar Pulmonary Sequestration 


J. Alex Haller, Jr., M.D., E. S. Golladay, M.D., Laurens R. Pickard, M.D., 
Joseph J. Tepas, HI, M.D., Nicholas A. Shorter, A.M., 


and Dennis W. Shermeta, M.D. 


ABSTRACT Recently we saw 9 infants with life- 
threatening respiratory distress. Four patients had 
bronchogenic cyst, 2 had cystic adenomatoid mal- 
formation, and 9 had congenital lobar emphysema. 
Another group of 14 older children had recurrent in- 
fection and hemodynamic abnormalities, which re- 
sponded to operative intervention. Each child re- 
quired an appropriate resection following definitive 
diagnosis. These lesions represent a spectrum of 
closely related anomalies that arise during an early 
stage of embryonic lung bud maturation. Brenchos- 
copy is rarely useful, but special roentgenographic 
studies, including perfusion scans and arteriog- 
raphy, are usually diagnostic. Our operative experi- 
ence is used to emphasize the urgency of precise 
diagnosis and surgical management of this poorly 
recognized clinical syndrome. 


Both life-threatening respiratory distress in 
newborn infants and recurrent pulmonary in- 
fections in older children can result from lung 
bud anomalies, which include congenital lobar 
emphysema, bronchogenic cyst, cystic adeno- 
matoid malformation, and intralobar pulmo- 
nary sequestration (Fig 1). One purpose of this 
report is to emphasize the close relation- 
ship of these lesions in terms of embryology 
and clinical presentation [2]. Another is to rec- 
ognize two distinct periods in childhood when 
surgical intervention could be required—in 
newborn babies when there are intrathoracic 


From the Division of Pediatric Surgery, The Johns Hopkins 
University School of Medicine, Baltimore, MD. 


We would like to thank Mrs. Marcy Shackelford for prepar- 
ing this manuscript. 


Presented at the Twenty-fifth Annual Meeting of the South- 
ern Thoracic Surgical Association, Nov 2-4, 1978, Marco 
Island, FL. 


Address reprint requests to Dr. Haller, Department of Sur- 
gery, The Johns Hopkins Hospital, Baltimore, MD 21205. 


33 0003-4975/79/070033-11$01.25 (c) 1978 by J. Alex Haller, Jr. 


tension problems [7] and in older children who 
have chronic recurrent pulmonary infection. 


Clinical Material 

We reviewed our experience with infants and 
children with pulmonary abnormalities who 
were seen between July, 1969, and March, 1978. 
There were 9 patients with congenital lobar 
emphysema, 4 with bronchogenic cyst, 2 with 
cystic adenomatoid malformation, and 14 
with intralobar pulmonary sequestration. They 
ranged from birth to 7 years old. The following 
case reports illustrate the pathophysiology of 
each of these anomalies and emphasize the 
typical clinical signs and symptoms of each. 


Congenital Lobar Emphysema 

Of our 9 patients with congenital lobar em- 
physema, 5 were boys and 4 were girls; 8 were 
white and 1 was black. In 7 the symptoms were 
evident at birth or during the first few days of 
life. The oldest patient was 2 years old. The 
symptoms, the location of the disease, and the 
resections performed are summarized in Table 
1. Long-term follow-up was obtained on all pa- 
tients up to 9 years postoperatively. The first 
case report illustrates the problem of respiratory 
distress in the newborn period and the second 
defines management of this anomaly in an 
older child. 

PATIENT 1. A white female infant, weighing 
5,180 gm, was born to a 30-year-old woman 
following an uncomplicated pregnancy. The 
baby was vigorous at birth, but had excessive 
oropharyngeal secretions. During the first 24 
hours, progressive respiratory distress de- 
veloped, with sternal retractions, grunting, and 
tachypnea. The infant could not take oral feed- 
ings. No cyanosis or cardiac murmurs were 
noted. Blood gases were normal. Chest roent- 
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Fig 1. Lung bud anomalies. 


Table 1. Summary of Data Relating 
to Congenital Lobar Emphysema 
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Fig 2. Roentgenogram made 3 days after birth showing 
a hyperexpanded right lung with a shift of the medias- 
tinum to the left. 


No. of 
Pa- 


Data tients 


Symptoms 
Mediastinal shift 
Cyanosis 
Tachypnea 
Right middle lobe syndrome 
Recurrent pneumonitis 


Location of disease 
Right upper lobe 


Right middle lobe 


Left upper lobe (apical posterior 
segment) 


Left upper lobe 


Resection” 
Right upper lobectomy 


Right middle lobectomy 
Left upper lobectomy 
Left upper segmentectomy 


Associated illness 
Pectus excavatum 


Asthma 

Frequent upper respiratory infections 
Patent ductus arteriosus 
Hypoglycemia 

Polycythemia 

Pierre Robin syndrome 

Ambiguous genitalia 

Cleft palate 


“Six of the 9 patients underwent resection. 
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Fig 3. Lateral chest roentgenogram showing the 
hyperexpanded right middle lobe. 


genograms revealed a shift of the mediastinum 
to the left due to a hyperexpanded, radiolucent 
right middle lobe (Figs 2, 3). A right middle 
lobectomy was performed when the infant was 
3 days old, with a satisfactory postoperative 
course. Postoperative chest roentgenogram 
showed a return of the mediastinum to the 
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Fig 4. Hyperexpansion of the left upper lobe as docu- 
mented roentgenographically in a 10-year-old boy. 


midline. The patient had no futher respiratory 
symptoms. When she was 5 years old, she 
underwent ligation of a patent ductus ar- 
teriosus. 

PATIENT 2. A 10-year-old white boy had a 
history of tachypnea as a newborn. When he 
was born, there was opacification of the left 
upper lung demonstrated roentgenographi- 
cally, and he was treated for pneumonia. The 
density cleared during the first week of life and 
was replaced by a hyperinflated left upper lobe 
thereafter. The respiratory symptoms disap- 
peared. Subsequent sweat chloride studies and 
immunoglobulin concentrations were normal. 
A lung scan showed minimal perfusion of the 
left upper lobe, and bronchogram showed no 
bronchus supplying the hyperinflated area. The 
child developed normally except for occasional 
dyspnea on exertion, but by the time he was 10 
years old, increasing dyspnea on exercise began 
to limit his physical activity. Evaluation at this 
time revealed increased overinflation of the ab- 
normal area (thought to be the apicoposterior 
segment of the left upper lobe) and progressive 
shift of the mediastinum to the opposite side. A 
small, round, parahilar, radiopaque mass was 
thought to be an obstructed bronchus filled 
with mucus (Fig 4). Resection of the apical pos- 
terior segment was performed. The bronchus to 


Fie 5. Chest roentgenogram of a 10-week-old girl 
shewing hyperinflation of the left lung and a shift of 
the mediastinum to the right. 


this segment was not in communication with 
the left upper lobe bronchus. The child had an 
uneventful recovery and was doing well one 
year after operation. 


Bronchogenic Cyst 

We saw 4 patients with bronchogenic cyst. Two 
were seen in respiratory distress, 1 in the new- 
born period and 1 at 3 months old. 

PATIENT 3. A 10-week-old female infant with 
inereasing respiratory distress was transferred 
by plane from an Iranian hospital. When she 
was 4 weeks old, she began having respiratory 
difficulty with episodes of tachypnea and 
cyanosis. Roentgenograms of the chest showed 
hyperinflation of the left lung, a shift of the 
mediastinum to the right, and patchy atelec- 
tasis of the right upper and middle lobes (Fig 5). 
The patient was administered antibiotics and 
steroids for 6 weeks, but the respiratory diffi- 
culty increased. When the patient was seen at 
our institution, tachypnea to eighty breaths 
per minute and markedly diminished breath 
sounds with hyperresonance over the left 
hemithorax were noted. Barium swallow re- 
vealed extrinsic compression of the left main 
stem bronchus by an oval, radiolucent mass. 
Bronchoscopy confirmed an anteroposterior 
narrowing of the left main stem bronchus. At 
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Fig 6. Bronchogram showing inferior displacement of 
the left bronchial tree by a radiolucent mass of the left 
upper lobe in a 6-month-old girl. 


the time of thoracotomy, a bronchogenic cyst 
was found embedded in the wall of the left 
main stem bronchus and was removed. The 
ipsilateral hyperinflation and contralateral at- 
electasis gradually resolved during the next 
three months. The patient had an uneventful 
postoperative course. 

PATIENT 4. A 6-month-old white female in- 
fant was seen with fever and cough. Chest 
roentgenograms revealed a large mass in the left 
upper chest with an infiltrate in the peripheral 
pulmonary tissue suggestive of obstructive 
pneumonitis. A bronchogram showed the left 
bronchial tree to be displaced inferiorly by a 
radiolucent mass in the left upper lobe (Fig 6). 
A left upper lobectomy was performed, and a 4 
by 5 cm cystic mass, lined with ciliated respi- 
ratory epithelium, was removed. The patient 
was asymptomatic on follow-up at 12 months of 
age; chest roentgenogram was normal. 


Cystic Adenomatoid Malformations 
Our series includes 2 patients with cystic 
adenomatoid malformation. 

PATIENT 5. A white male infant weighing 
3,500 gm was delivered vaginally after a preg- 
nancy complicated by polyhydramnios. The 
Apgar score was eight at one minute and nine 
at five minutes. A short time later, respiratory 


Fig 7. Roentgenogram made shortly after birth showing 
a left lung field mass and a shift of the mediastinum to 
the right. 


distress developed, and a chest roentgenogram 
revealed a mass with a “bubbly” appearance in 
the left lung field, and a mild shift of the 
mediastinum to the right (Fig 7). Partial pres- 
sure of arterial oxygen was initially 58 mm Hg 
on room air. Respiratory distress increased 
with progressive shifting of the mediastinum. 
Urgent operative intervention was recom- 
mended. A left lower lobectomy was per- 
formed; the specimen was typical of congenital 
adenomatoid malformation. The postoperative 
course was complicated only by physiologi- 
cal hyperbilirubinemia, which resolved. Post- 
operative chest roentgenograms showed a 
return of the mediastinum to the midline. 
PATIENT 6. A 5-month-old black female in- 
fant was evaluated for recurrent left upper lobe 
pneumonia. A progressive shift of the medias- 
tinum to the right was noted on sequential 
chest roentgenograms, and a multicystic mass 
in the left lung field was discovered. An angio- 
gram revealed no systemic vascular supply to 
the area but marked anterior displacement of 
the left main pulmonary artery. A left lower 
lobectomy was performed. The postoperative 
course was satisfactory. On follow-up three 
years later, the child was asymptomatic. Mild 
hyperinflation of the remaining upper lobe was 
demons:rated on chest roentgenogram. 
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Table 2. Data on 14 Patients with Intralobar Pulmonary Sequestration 
Seen at the Johns Hopkins Hospital, 1960 to mid-1978 








Age at 
Onset of Age at 
Patient No. Clinical Treat- Treatment of Associated 
and Sex Symptoms ment Symptoms Sequestration Conditions Follow-up 
CARDIOVASCULAR PROBLEMS 
1. F Birth 6 mo Uncertain Right lower lobec- Mild congestive 
tomy heart failure, no 
resp. symptoms 
2. F Birth Cardiac failure; frequent None 
pneumonia; failure to 
thrive 
3, F 5 yr 5 yr Growth retardation; easy Right lower lobec- Congenital sub- Mild congestive 
fatigability; pulm. ar- tomy valvular mem- heart failure; no 
tery pressure, 38/13 mm brane aortic resp. symptoms; 
Hg stenosis pulm. artery 
pressure normal 
4. M 2 wk 10 wk Cardiac failure; cardiac Left lower lobec- Died 1 mo postop. 
output 2.5 times normal tomy of acute tracheo- 
bronchitis 
5. M 7 yr Miminal symptoms; car- Awaiting operation 
diac output 2 times 
normal 
6. M 15 d 8 mo Fatigability; asthma; Right lower lobec- Asymptomatic; 
bronchitis; cardiac out- tomy heart size normal 
put 1.2 times normal; 
heart enlarged 
LE 6d 6 wk Congestive heart failure Right lower lobec- Patent ductus 
tomy arteriosus 
PULMONARY PROBLEMS 
8. F 3 yr 3 yr Pneumonitis Left lower lobec- Mild asthma 
tomy 
9. F 3 yr 6 yr Frequent pneumonitis; Right lower lobec- Asymptomatic 
chronic lung abscess tomy 
10. F 7 yr 9 yr Recurrent pneu monitis Right lower lobec- Systemic lupus Asymptomatic 
tomy erythematosus 
11. F 6 yr 7 yr Pneumonitis, empyema Left lower lobec- Asymptomatic 
tomy 
12. M 9 mo 2 yr Severe asthma; bronchitis Right lower lobec- Mild asthma 
tomy 
13. F 16 mo 18 mo Severe asthma; bronchitis Left lower lobe Eventration of Mild asthma 
segmentectomy left diaphragm 
14. F 6 d 6 mo Recurrent pneumonia Apical posterior Doing well 


Intralobar Pulmonary Sequestration 
Table 2 summarizes the data on our 14 patients 
with intralobar pulmonary sequestration. 
PATIENT 7. A 6-week-old white female in- 
fant was seen in congestive heart failure when 
she was 6 days old. Chest roentgenogram re- 
vealed a mass lesion at the right cardiophrenic 
angle. A continuous heart murmur was noted. 
Cardiac catheterization and arteriography re- 
vealed a large systemic artery arising from the 
aorta below the diaphragm and entering a cys- 
tic right lower lobe mass (Fig 8). Contrast 
medium drained into the right inferior pulmo- 


segmental resec- 
tion, right upper 
lobe 


nary vein. Approximately 5096 of the cardiac 
output went through the huge left-to-right 
shunt. After the cardiac failure had been con- 
trolled with digitalis and diuretics, a right 
lower lobectomy was carried out. The systemic 
artery was 6 mm in diameter and was long and 
tortuous. The patient had an uneventful post- 
operative recovery, with disappearance of the 
murmur and pulmonary symptoms. 

PATIENT 12. A 2-year-old white boy was 
seen with a history of chronic "asthma," re- 
current pneumonia, and otitis media. The 
pneumonic process had always been in the 
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Fig 8. Aortogram showing subdiaphragmatic artery (ar- 
rows) supplying the sequestration of the right lower 
lobe of the lung. 


right lower lobe. Arteriography revealed a large 
systemic artery originating near the celiac axis 
which supplied a right lower lobe sequestra- 
tion. Right lower lobectomy was performed, 
and the child had a satisfactory recovery. Four 
years later chest roentgenogram was normal; 
the mild asthma required no medication. 


Comment 

The initial evidence of the developing respi- 
ratory system in a human embryo is a lon- 
gitudinal groove in the floor of the foregut just 
caudal to the pharyngeal pouches. In the fourth 
week of gestation, this laryngotracheal groove 
appears as a ridge. The caudal part of this ridge 
gives rise to the epithelium of the lower respi- 
ratory system. Soon thereafter, two enlarge- 
ments develop at the distal end. These are the 
bronchial or lung buds. 

As the embryo continues to develop, separa- 
tion of the trachea and the esophagus occurs 
and caudal migration transports the lung buds 
into the thorax. Mesenchymal cells of the 
splanchnopleure surround the buds and give 
rise to the tracheal and bronchial walls. 

During the fifth week, secondary bronchi de- 
velop and the adjacent mesenchyma surrounds 
them and differentiates into the parenchyma 
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of each lobe. Tertiary bronchi appear in the 
seventh week. By the twenty-fourth to the 
twenty-eighth week, the epithelium of the ter- 
minal air sacs becomes modified into type I 
alveolar cells and type II cells, which pro- 
duce the surfactant. Further differentiation 
transforms the tissues from a glandular struc- 
ture to a highly vascular, alveolarlike organ 
which is essentially mature by the end of the 
twenty-eighth week. 

Abnormalities in this developmental process 
can take numerous forms. More and more evi- 
dence suggests that lobar emphysema fre- 
quently results from anomalous development of 
a lobar or segmental bronchus. Severe hypopla- 
sia and atresia of a bronchus can be associated 
with collateral ventilation of the affected lobe, 
which is easily inflated during inspiration but 
becomes emphysematous because of air trap- 
ping during expiration. In other instances, 
maldevelopment of bronchial cartilage permits 
collapse of the wall with a ball-valve effect, 
which produces progressive emphysema. This 
anomaly probably occurs during the fourth to 
sixth week of embryonic development, but the 
physiological effect may not be clinically appar- 
ent for weeks or months after birth depending 
on the severity of the abnormality. 

Bronchogenic cysts might properly be called 
lung bud cysts since they probably originate 
from embryonic lung bud tissue before the 
bronchi are formed. For this reason, lung bud 
cysts can occasionally occur within the wall of a 
bronchus. They may be lined with squamous 
epithelium rather than respiratory epithelium. 
Some have been called esophageal cysts, but 
embryologically they represent ectopic foregut 
cells that become displaced before final differ- 
entiation takes place. Since they originate be- 
fore formation of the bronchi, it is not sur- 
prising that few if any bronchogenic cysts 
communicate with normal bronchial lumina. 

Adenomatoid malformations probably result 
from cessation of bronchial maturation and 
concomitant overgrowth of mesenchymal ele- 
ments, which produces the adenomatoid 
appearance of the anomaly. Histologically, car- 
tilage is absent, reflecting the bronchial mal- 
development. Often, small bronchial communi- 
cations exist without cartilaginous support, and 
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this leads to infection and overinflation of the 
cystic spaces. 

A sequestration probably occurs very early in 
embryonic development before the pulmonary 
and aortic circulations become separate. Since 
the venous drainage of intralobar sequestration 
is into the pulmonary vein, this form of anom- 
aly is less ectopic than extralobar sequestration 
in which the venous drainage is into the azygos 
system. Therefore, sequestration could repre- 
sent .a separate mini lung bud, which keeps a 
systemic artery and drains into either venous 
system depending on its intimacy with the 
normal lung bud to which it is adjacent. 

When these four lung bud anomalies are 
viewed as abnormalities in early lung develop- 
ment, they become a distinct family of related 
malformations with sometimes similar but 
often very different clinical manifestations. To 
our knowledge, Buntain and associates [2] were 
among the first to recognize this close relation- 
ship. The clinical signs, symptoms, and opera- 
tive management of the malformation are now 
reviewed. 


Congenital Lobar Emphysema 

Congenital lobar emphysema is an abnormality 
characterized by massive air trapping in the 
pulmonary parenchyma. The involved area of 
the lung is hyperresonant to percussion and has 
diminished breath sounds, thus mimicking a 
pneumothorax. The lung becomes overdis- 
tended. Ipsilateral compression of adjacent lung 
occurs along with mediastinal shift to the con- 
tralateral side and secondary decrease in ve- 
nous return to the heart. Together, these factors 
cause respiratory distress and hypoxemia. 

In an extensive review of 113 patients by 
Hendren and McKee [8], the left upper lobe was 
involved in 46 patients, the right upper lobe in 
24, and the right middle lobe in 38. Lower lobe 
involvement was found in only 2 children. An 
additional 3 children had bilateral involvement. 
The onset of symptoms occurred during the 
first month of life in nearly a third of the pa- 
tients and by 6 months of age all were symp- 
tomatic. Murray [13] stated that congenital 
lobar emphysema occurs twice as often in male 
patients as in female patients. The condition 
can cause life-threatening respiratory distress; 


in 20 of 166 patients, tne complications were 
rapidly fatal. During the newborn period, the 
symptom is nearly always respiratory distress; 
but after the first month of life, pulmonary in- 
fection is the most common symptom when the 
patien- is first seen. 

Hendren [8], Pierce [17], Jones [9], and their 
associstes reported an association of lobar em- 
physema with congenital heart lesions. Jones 
and associates [9] noted that 8 of 14 children 
with lobar emphysema had concomitant con- 
genita. heart disease; all were treated by lobec- 
tomy. Four children had ventricular septal 
defects, 2 had tetralogy of Fallot, and 2 had a 
patent ductus arteriosus. Careful study of the 
broncki revealed no overt obstructive lesions in 
any of the 14 resected specimens. 

In each infant with congenital heart disease 
and losar emphysema, the abnormalities must 
be assessed as a combined cardiopulmonary 
defect and the exact physiology of the respi- 
ratory distress must be carefully evaluated. 
Chest roentgenograms are usually definitive in 
clarify.ng the differential diagnosis. Bronchos- 
copy end bronchograms are rarely helpful and 
instead can be detrimental by increasing respi- 
ratory obstruction due to endoscopic trauma. 
Ventilation/perfusion lung scans show ob- 
structed and delayed ventilation and slightly 
decreased perfusion of the affected lung. Two of 
our petients had associated cardiac anomalies: 
1, a ventricular septal defect and 1, a patent 
ductus arteriosus. The ductus arteriosus re- 
quirec operative closure at a subsequent date. 

Leape and Longino [12] suggested that con- 
genita lobar emphysema can be initiated by 
viscid secretions and perpetuated by bronchial 
kinkirg. They suggested that the rarity of con- 
firmatory findings in pathological specimens 
reflects the difficulty in demonstrating this 
phenomenon at operation. Fischer and co- 
workezs [6] subsequently suggested that ir- 
revers.ble tissue changes are produced by mu- 
cous oostruction. In 1967, Murray and associates 
[14] reported on a patient with mucous plug 
obstruction, which was relieved by bron- 
chotoray and plug removal. 

In Murray's [13] review of lobar emphysema, 
bronchomalacia was identified in 2 patients. 
Other causes of lobar emphysema which he 
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identified include obstruction by abnormal 
vessels (in particular, the ductus arteriosus, an- 
eurysmal veins, and aberrant arteries), kinking 
of the bronchioles, compression by large lymph 
nodes, intrinsic bronchial obstruction by car- 
tilaginous deficiency, bronchial stenosis, and 
redundant bronchial mucosa. Bronchial carti- 
lage dysplasia was apparent in only 2596 of pa- 
tients, and in more than 5096 of the patients, 
there was no demonstrable cause. Technical 
difficulties in measuring the amount of bron- 
chial cartilage present can contribute to the sur- 
prisingly low incidence of identifying a specific 
causative factor. 

DeMuth and Sloan [4] reported finding re- 
sidual disease in adjacent lung after removing 
the most obvious lesions. They observed that, 
even when resection was performed during in- 
fancy, regeneration of lung tissue did not seem 
to occur. The vital capacity in 5 children oper- 
ated on during infancy was reduced in com- 
parison to the amount of lung tissue removed. 
The compensatory pattern was described as one 
of overdistention, with increased residual 
volume and decreased vital capacity. Recent 
studies by Eigen and co-workers [5] and Shan- 
non [19] indicate that lobar emphysema can be 
a manifestation of generalized lung disease. It 
appears from their data that there is a loss of 
elastic recoil of the lung with subsequent air- 
way collapse at abnormally high volumes. The 
upper lobes are thought to be more involved 
because they are more passive during respira- 
tion. 

Keith [10], quoting the study by Eigen 
and colleagues [5] involving the long-term 
follow-up of surgically and nonsurgically 
treated children with congenital lobar em- 
physema, emphasized that both groups had 
normal physical growth and were free from 
pulmonary symptoms. In the lobectomy pa- 
tients, the vital capacity and total lung capacity 
were decreased in proportion to the amount of 
lung tissue resected. Roentgenograms of con- 
servatively treated patients suggest that the 
distended portions of the lung had not tended 
to enlarge. In view of these data, Keith [10] 
urged consideration of nonsurgical manage- 
ment of patients. However, the last paragraph 
of the article he cited [5] states: 


We suggest that conservative treatment is indicated 
for eupneic, or mildly affected patients regardless of 
age because both the averred threat to life and the 
prospe-t of improved pulmonary function are more 
than oifset by the risk of lobectomy. Neonates who 
are in severe respiratory distress need immediate ex- 
cision 5f the diseased lobe to allow expansion of the 
less functional but normal lung tissue. 


Korngold and Baker [11] in 1954 reported on 2 
infants cured by aspiration of the involved 
lobe. [Murray [13] noted that 138 of 166 patients 
required lobectomy. In 2 children, it was neces- 
sary after four years of conservative therapy. 
Mortality was 50% or 14 of the 28 remaining 
patients who were not operated on. Only 4 of 
the 14 surviving patients were considered im- 
proved or cured. Of the remaining 10, 9 had 
persis-ent emphysema and 1, recurrent pulmo- 
nary infection. Leape and Longino [12] reported 
on 13 patients seen with symptoms during the 
first month of life. Three treated nonoperatively 
died. The 9 patients treated by lobectomy were 
alive end well when the report was published. 

The treatment of choice appears to be resec- 
tion, usually lobectomy. The risk of operation is 
minimal, nowhere near 50%. Most infants are 
free from symptoms following lobectomy, al- 
though 1 of our patients had episodic wheez- 
ing, as did patients of DeMuth and Sloan [4] 
and Handren and McKee [8]. The latter reported 
postoperative respiratory abnormalities in 4 of 
7 patients. 

In d.scussing bronchial atresia as a causative 
factor 5f congenital lobar emphysema, Schuster 
and co-workers [18] made the following re- 
marks 


Atresia of the bronchus was first recognized in the 
adult, but now has been seen on a number of occa- 
sions in the newborn and in the young child. It usu- 
ally afsects one or two segments of a lobe and is 
more common on the left side. Although the bron- 
chus lecks any airway communication centrally, it 
branchszs normally distally, and the alveolar size and 
number is normal at birth. The affected segment or 
lobe is ventilated through the collateral ventilation 
and can be seen as a fluid-filled region in the neo- 
nate, 27 as an emphysematous area in the older child. 
The distorted, cystic bronchus just distal to the 
atresia is characteristically filled with a mucous plug 
and presents a recognizable picture radiographically. 
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Our Patient 2 illustrates this pathophysiclogy 
(see Fig 4). | 


Bronchogenic Cysts 

Congenital cysts of the lung are recognized by 
their presence in the perinatal period and. their 
characteristic lining of ciliated, columnar epi- 
thelium. 

Bronchogenic cysts represent approximately 
10% of mediastinal masses in children The 
symptoms are usually related to secondary 
pulmonary infection, but in the newborn pe- 
riod airway obstruction can be an indication of 
a cyst. Most cysts are found in the postericr part 
of the mediastinum at the level of the carina. 
The right side is affected more often than the 
left and the lesion is more common in boys than 
in girls. 

Opsahl and Berman [16] emphasized that the 
most common symptoms of bronchogenic cyst 
are periodic episodes of progressive dyspnea, 
wheezing, stridor, and cyanosis. They ere ag- 
gravated by crying or feeding and relieved by 
oxygen. The episodes usually start early in life 
and can be accompanied by recurring attacks of 
pneumonia. Physical findings are those of 
tachypnea, stridor, rales, and wheezes. with 
hyperresonance over the affected lung field and 
occasionally mediastinal shift to the ozposite 
side. Barium swallow should be done t» dem- 
onstrate displacement of the esophagus. Not 
until 1948 was a bronchogenic cyst removed 
successfully from an infant. Opsahl and Serman 
[16] reported that only 14 of 25 sympcomatic 
patients had a demonstrable cyst by rosntgen- 
ographic examination. The cyst was removed 
successfully in 12 patients. Of the 11 sympto- 
matic patients with normal chest roentgeno- 
grams and nonoperative treatment, all died. 


Cystic Adenomatoid Malformations 

Congenital cystic adenomatoid malformation 
was described by Chin and Tang [3] .n 1949. 
This abnormality is usually symptoraatic in 
infancy with signs of respiratory distress: 
tachypnea, subcostal retraction, and cyanosis. 
It can be indicated by chronic pulmona-y infec- 
tion in older children. The association of 


adenomatoid malformation with fetal anasarca 
and maternal polyhydramnios has been re- 
portec also. These latter findings are generally 
limited to stillborn infants. As the malforma- 
tion undergoes progressive emphysematous 
enlargement, the mediastinum can be shifted. 
However, if there is no free communication 
with -he tracheobronchial system, a more in- 
dolen:, infectious course may result. 

The abnormal lung tissue consists of an en- 
larged, meaty, multicystic lobe with smooth- 
walled cysts of varying sizes, which can 
communicate with major bronchi through mal- 
formed air passages that lack cartilage. The 
tumar mass appears to have abnormal over- 
growth of bronchial tissue with suppression of 
the elveolar development. Based on electron 
microscopic studies, Olson and Mendelsohn 
[15] made the noteworthy observation that the 
air s2aces in this anomaly are lined with per- 
sistent type II pneumocytes. These findings 
establish adenomatoid malformation as a de- 
velo»mental anomaly of the lung bud that oc- 
curs at a time preceding the differentiation of 
carti.age. Proliferation of the bronchial glandu- 
lar elements is the histological feature giving 
the name adenomatoid to this abnormality. 

The characteristic roentgenographic finding 
is ar. intrapulmonary mass of soft tissue density 
containing scattered radiolucent areas of vary- 
ing size and shape. Usually the mediastinum is 
displaced away from the mass. In the early 
permatal period, a water-density mass may be 
apparent before the cysts become air-filled. 
This is probably fetal pulmonary fluid trapped 
in tae spaces. If the lower lobe is involved, the 
abnormality can closely mimic diaphragmatic 
hernia and can onlv be differentiated by a 
bar.um swallow. Taber and Schwartz [20] de- 
scribed the overall appearance as a ''Swiss 
cheese wedge.” 

Eecause mediastinal shift causes notable 
compression of normal pulmonary tissue, re- 
ported patients with cystic adenomatoid mal- 
formation either required operation or were ex- 
amined postmortem. Experience has shown 
thet procedures less than lobectomy are not 
successful [1]. Abnormal pulmonary vessels to 
the malformation have been reported in 2 of 29 
resections for cystic adenomatoid malformation. 
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Intralobar Pulmonary Sequestration 

Intralobar pulmonary sequestration results 
from either an aberrant pulmonary tissue de- 
veloping within the normal lung or an anoma- 
lous lung bud fusing with the normally de- 
veloping, primordial pulmonary tissue. The 
unique characteristic of this abnormality is its 
systemic arterial supply, usually a separate ar- 
tery arising from the descending thoracic or ab- 
dominal aorta. Not infrequently, this artery 
arises below the diaphragm and courses 
cephalad to the aberrant pulmonary tissue. In- 
trapulmonary sequestration is much more com- 
mon than its developmental counterpart, ex- 
tralobar sequestration; the latter is aberrant 
pulmonary tissue that is extrinsic to the normal 
lung and is invested with a separate pleural 
covering. Its exact derivation is unclear and be- 
cause of its rarity, it is excluded from our dis- 
cussion of sequestration in this group of pa- 
tients. 

The symptoms of intralobar pulmonary 
sequestration in older children and young 
adults are respiratory in origin. The complica- 
tions are usually secondary to chronic recurring 
pneumonia with fluid-filled intrapulmonary 
cysts, many of which are associated with puru- 
lent bronchiectasis and abscess formation. 
However, as noted by White and associates 
[21], intralobar pulmonary sequestration can 
have an acute neonatal presentation associated 
with congestive heart failure and pulmonary 
edema secondary to a large shunt from the aorta 
through the aberrant artery into the pulmonary 
venous system. Patient 7 is an example of a 
child with acute respiratory distress in the 
newborn period secondary to pulmonary con- 
gestion, while Patient 12 is illustrative of a child 
with the more common presentation of chronic 
recurring pulmonary infection with a clini- 
cal syndrome of relapsing pneumonia in a 
localized segment of the lung. Intralobar 
sequestration need not have a bronchial com- 
munication with the normal tracheobronchial 
tree, and, therefore, infection can be late in oc- 


curring, possibly on the basis of bloodborne ' 


infection rather than tracheobronchial con- 
tamination. In some cases there is a clearly rec- 
ognizable anatomical communication between 


the sequestered segment and the normal tra- 
cheobronchial tree. 

Operative management of this condition is 
predicated on either relief of the congestive 
heart failure by division of the systemic arterial 
supply with concomitant removal of the 
sequestered pulmonary tissue or control of in- 
fection by removal of the destroyed bronchiec- 
tatic segment. In the course of operative man- 
agement, the systemic artery must be carefully 
identified and divided. The technical error of 
overlooking the systemic arterial supply can 
lead to catastrophic hemorrhage, especially in 
patients with chronic inflammatory disease. In 
our series, a lobectomy was usually necessary 
for removal of the intralobar sequestration al- 
though occasionally a segmental resection was 
sufficient. 

In summary, these clearly related lung bud 
anomalies can be seen with acute symptoms in 
the neonatal period, either as a result of in- 
trathoracic pressure mechanics or congestive 
heart failure; or they can be recognized in older 
children as radiopaque areas within normal 
pulmonary tissue associated with symptoms 
and signs of pulmonary infection and bron- 
chiectasis. Less severe tension problems can be 
associated with milder forms of these anomalies 
in which partial obstruction of secondary 
bronchi can be present. While none of these an- 
omalies contains neoplastic tissue or tissue 
that could become malignant, the cardiovascu- 
lar and pulmonary manifestations require early, 
definitive diagnosis and therapy. In the new- 
born group, life-saving emergency operation 
can be necessary. 
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Carcinoma of the Superior Pulmonary Sulcus 


Joseph I. Miller, M.D., Kamal A. Mansour, M.D., 


and Charles R. Hatcher, Jr., M.D. 


ABSTRACT From January, 1971, to January, 1977, 
26 patients underwent surgical resection of a car- 
cinoma of the superior pulmonary sulcus. They 
ranged from 33 to 77 years old. All but 1 had symp- 
toms characteristic of Pancoast’s syndrome. The site 
of involvement was the right superior sulcus in 17 
patients and the left superior sulcus in 9. All patients 
were treated by lobectomy and extended en bloc re- 
section. 

Twenty-five patients survived operation. There 
was 1 early postoperative death. Twenty-two pa- 
tients had been followed for at least 3 years, and 8 
had survived for 5 years, at the time of writing. Nine 
patients died of recurrent disease from five months 
to 3 years after operation. Important considerations 
in postoperative care include routine use of continu- 
ous positive airway pressure and intermittent man- 
datory ventilation. 


In 1932, in his classic paper on superior pulmo- 
nary sulcus tumors, Pancoast [3] defined a group 
of tumors occurring in a specific anatomical lo- 
cation and producing a characteristic group of 
clinical symptoms and radiographic findings. 
From 1932 to 1961, there was only an occasional 
report of 5-year survival of a patient with Pan- 
coast’s tumor. In 1961, Shaw and Paulson [5] 
published their report on 18 patients with this 
condition who were treated with combined 
preoperative radiation therapy and extended en 
bloc resection. In 1975, Paulson [4] presented 
his experience with 61 patients operated on 
during a 19-year period, with a 34% 5-year sur- 
vival rate. There have been few reports other 
than Paulson’s of any significant numbers 
treated with this combined modality of ther- 
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apy. Ime present report describes our experi- 
ence with 26 patients with superior pulmonary 
sulcus &imors treated by this combined mode 
of therapy. 


Materias 

From January, 1971, to January, 1977, 26 pa- 
tients u-.derwent combined radiation treatment 
and en bloc resection of a carcinoma of the 


superior pulmonary sulcus at Emory University 


Affiliated Hospitals. The patients ranged from 
33 to 77 years old (mean age, 58 years). There 
were 24 men and 2 women. The anatomical site 
was the right superior sulcus in 17 patients and 
the left superior sulcus in 9. 

All patents but 1 had symptoms characteris- 
tic of Pancoast’s syndrome. Shoulder girdle or 
arm pair was present in 25; Horner's syn- 
drome, ir 8; a degree of cough, hemoptysis, or 
shortness of breath, in 21. The interval from the 
onset of symptoms to the first treatment ranged 
from three to fourteen months. 

Radiographic findings consisted of an apical 
mass lesicn in 16 patients and only an apical 
cap in 10. 


Methods 

A standard protocol for superior pulmonary 
sulcus tumors was used to examine all patients. 
It consiste- of the following procedures: a com- 
plete history and physical examination, elec- 


trolyte an= standard liver chemistries, bone 


scan, liver scan, cervical spine roentgenograms, 
lung tomograms, pulmonary function tests, 
neurologic=l evaluation with electromyog- 
raphy, and bronchoscopy. A brain scan and 
barium swallow were not done routinely unless 
indicated Ey the clinical symptoms. Neither 
scalene noc2 biopsy nor mediastinoscopy were 
done routinely unless the patient had palpable 
nodes or was considered medically inoperable 
and a tissue diagnosis was needed. 

The metzod of preoperative diagnosis of 
Pancoast’s tumor was made by chest roent- 


genogram and clinical findings in 18 patients. 
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Stage of Involvement 


Survival 
No. of AERE 
Stage of Involvement Patients 3-Yr 5-Yr 
No nodes (stage 0) 20 6 8 
Intersegmental nodes 1 1 0 
(stage 1) 
Hilar, mediastinal | 5 0 0 
nodes (stage 2-3) 
Total patients 26 7 8 


In only 8 patients was a positive histologi- 
cal diagnosis of malignancy made before 
thoracotomy. If the patient was considered to 
have Pancoast's tumor, no further attempt other 
than sputum cytology and bronchoscopy was 
made to obtain a positive diagnosis before in- 
stituting treatment. Only if the patient was con- 
sidered inoperable and was not a candidate for 
resection were further invasive studies under- 
taken to obtain a tissue diagnosis. 

All patients received preoperative irradiation 
with cobalt 60 in amounts ranging from 2,000 to 
4,000 roentgens delivered in a time span of 4 
days to four weeks. The most common regimen 
was 3,000 roentgens delivered in 300 roentgen 
fractions in 10 treatments over a two-week pe- 
riod. The interval from completion of radiation 
therapy until the time of surgical resection 
ranged from three to four weeks in all patients 
except 2. They were seen early in the series, and 
both received 2,000 roentgens and were oper- 
ated on immediately on completion of the radi- 
ation therapy. 

The surgical procedure consisted of lobec- 
tomy in 25 patients and segmental resection in 1 
patient combined with resection of three to five 
ribs, the accompanying chest wall, intercostal 
muscles and nerves, and the lower cord of the 
brachial plexus. In 10 patients, the stellate gan- 
glion also was resected along with the upper 
thoracic sympathetic chain. The tumor was 
grossly cut across and left in place in 4 patients. 
In 2, it was left attached to the subclavian ar- 
tery; in 1, to the wall of the esophagus; and in 1, 
to the superior vena cava. 

The lesion was squamous cell carcinoma in 


17 patients, giant cell carcinoma in 6, and 


adenocarcinoma in 3. All patients but 1 were 


: found to have residual tumor in the resected : 


specimens. The margins of resection were clear 
in all patients except for the 4 just mentioned. 
The stage of the lesions (Table) was as follows: 
stage 1, 20 patients; stage 2, 1 patient; and stage 
3, 5 patients. The stage of the lesion is ex- 


— pressed in the manner of Paulson [4] for com- 


para'ive analysis. 


Restlts 

Twenty-six patients underwent combined radi- 
ation therapy and en bloc resection. There was 
1 erly postoperative death. It occurred on 
the morning of the third postoperative day, 
presumably from an arrhythmia since post- 
moriem examination revealed no other cause. 
Follew-up through September 1, 1978, was 
achieved on all surviving patients by direct 
contact or record review. To date, 22 patients 
have been followed for a period of at least 3 
years. Eight of the 26 patients (3296) have sur- 
vived for 5 years, but 1 now has recurrent dis- 
ease. Six additional patients have been fol- 
lowed for 3 years, 3 of whom have recurrent 
disease. Two other patients are alive and free of 
disease at 2 years. Nine patients have died of 
recurrent disease five months to 3 years after 
operation. 

Fostoperative complications developed in 9 
patients. The majority were respiratory in ori- 
gim: 7 patients had atelectasis, and 5 required 
brcnchoscopy for removal of secretions; 2 pa- 
tents had pneumonia; and 1 patient had a 
pu.monary embolus. The early respiratory 
problems and instability of the chest wall led to 
ou- routine utilization of postoperative respi- 
ratory support with intermittent mandatory 
ventilation for a minimum period of 3 days. Ten 
of our 26 patients were treated with this mo- 
dality with no respiratory complications. 

The most distressing postoperative problem 
wes the persistence of pain in 8 patients even 
though they underwent an anatomical curative 
resection. Two of them required percutaneous 
chordotomy for pain relief and 2 others re- 
quired hospitalization because of narcotic 
acdiction. Four patients still require medica- 
tion for pain relief. The loss of motor function, 
persistent Horner’s syndrome, or cosmetic de- 
formity has not been a problem in any patient. 
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The anterior portion of the first three ribs has been di- 
vided. The tumor is seen attached to the artery (A) and 
the lower cord of the brachial plexus. (V = vein; N = 
nerve; Rt = right.) 


The site of tumor recurrence was as follows: 
brain, 4 patients; bone, 3; and chest wall, 3. 
There has been no known recurrence in the 
. liver. 


Technical Considerations 
The procedure is carried out in the lateral chest 
decubitus position with the appropriate side of 
the chest elevated. A high posterior lateral 
thoracotomy is made up to the level of the first 
thoracic vertebra. The chest is entered through 
the inner space below the planned site of rib 
resection, generally the third intercostal space. 
At this point, an assessment of operability can 
be made. 

` Extensive involvement of the chest wall, 
mediastinum, brachial plexus, subclavian ar- 
tery, or esophagus contraindicates surgical re- 
section. No patient with tumor left on the sub- 
clavian artery survived more than 2 years, even 
though postoperative cobalt treatment was 
given. 

If the patient is considered to be resectable, 

the chest retractor is placed between the in- 
ferior angle of the scapula and the top of the rib 





below tre planned site of resection. The ribs are 


. then resected anteriorly, beginning on the third 


rib and working up to the first rib (Figure). The 
ribs are then resected posteriorly in a similar 
fashion. With downward traction, the chest 
wall and mass can be separated under direct 
vision from the subclavian artery, and last, the 
lower co-d of the brachial plexus and stellate 
ganglion can be sacrificed if need be. A lobec- 
tomy or wide wedge resection is performed in 
the usual fashion. Hemostasis is achieved and 
appropriate chest tubes are placed to a Pleur- 
evac suction unit. The remaining chest wall 
sags inwerd to fill the residual space. A secure 
closure is obtained, and the appropriate arm is 
placed ir a Velpeau ace bandage wrap to 
stabilize the chest wall for 5 to 7 days. 


Comment 
Our study supports the findings of Paulson [4]: 
who showed that a 5-year survival rate of 30 to 
35% is possible when Pancoast's tumor is 
treated by the combined modality of therapy. 
In the preoperative evaluation of patients 
with this lesion, we believe that the clinical 
studies already mentioned should be part of the 
routine clinical evaluation. Unless the patient 
has palpable nodes or other clinical or labora- 
tory evidence to suggest medical or surgical in- 
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operability, we do not think that any invasive 
procedure other than bronchoscopy should be 
done preoperatively before instituting radia- 
tion therapy. If the patient is not consid=red a 
surgical candidate, a diagnosis can generally be 
obtained by mediastinoscopy, by direct biopsy 
through the supraclavicular space as described 
by McGoon [2], or by direct open biopsy. 

A preoperative cytological or histopatr ologi- 
cal diagnosis without invasive procedtres is 
obtainable in only 16% of patients [1]. We think 
it is better not to violate tissue planes 2efore 
operation to obtain a diagnosis if a surgical ex- 
ploration of the lesion is planned. The findings 
of an apical mass or shadow combined with 
arm, shoulder, or girdle pain, with or without 
Horner's syndrome, are enough to support the 
diagnosis with greater than 9096 accuracy. If the 
patient fulfills these criteria, we proceed di- 
rectly with the workup as outlined and begin 
the combined protocol unless it is otherwise 
contraindicated medically cr surgically. 

In our early experience, problems with re- 
tained secretions, atelectasis, and instability of 
the chest wall frequently led to the need for re- 
peat bronchoscopy or reinsertion of the endo- 
tracheal tube to remove airway secretions or 
stabilize the chest wall. In 1974, we began to 
routinely leave the endotracheal tube in for a 
minimum of 3 days, with the patient or inter- 
mittent mandatory ventilation supported with a 
peak pressure limit of 30 cm H,O to protect the 
bronchial stump. All patients except 2 were 
extubated within 5 days, and the othe- 2 pa- 
tients were extubated on the seventh and ninth 
postoperative days, respectively. No patient 


required bronchoscopy or reinsertion of an 
endo:racheal tube following extubation. We 
belieze that the planned respiratory support al- 
lows time for the patient to stabilize postopera- 
tively and maintain an adequate airway, and 
resul:s in almost no pulmonary complications. 
Additional important aspects of postoperative 
care zonsisted of the following: Velpeau dress- 
ing td stabilize the chest wall; high-dose anti- 
biotic therapy for 10 days; hyperalimentation if 
not extubated by 5 days; vigorous chest physi- 
cal therapy; and ultrasonic nebulization. 

In summary, our data indicate that signif- 
icant 5-year survival is obtainable with com- 
bined radiation therapy and en bloc resection 
for patients with superior pulmonary sulcus 
tumcr. Important attention to operative asses- 
meni and technique combined with meticulous 
postoperative care results in minimum post- 
operative morbidity and little mortality. 
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for Bronchiectasis: A 40-Year Experience 


Stuart A. George, M.D., Howard K. Leonardi, M.D., 
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ABSTRACT Ninety-nine patients underwent bilat- 
eral pulmonary resection for severe multisegmental 
bilateral bronchiectasis at the Overholt Thoracic 
Clinic during the period 1937 to 1977. A total of 216 
| operations were performed, and 20 patients under- 
went three or more procedures. The operative mor- 
tality was 1.4% and the incidence of severe compli- 
cations, 796. 

Follow-up ranged from 1 to 30 years (average 10.2 
years). Only 1 patient was lost to follow-up. Im- 
provement in pulmonary symptoms was achieved in 
83 patients; there was no improvement in 9 patients; 
and 4 patients were worse following resection. 

The results suggest that bilateral bronchiectasis 
need not be a contraindication to operation. In 
properly selected patients, lasting symptomatic im- 
provement can be provided by resection. 


Current immunization regimens and prompt 
antibiotic treatment of bacterial pulmonary in- 
fections have markedly reduced the incidence 
and severity of bronchiectasis. Before the era of 
antibiotics, however, the medical treatment of 
bronchiectasis could prove unsatisfactory. To a 
lesser extent, this can still happen today, and 
when it does, pulmonary resection affords the 
most direct relief of symptoms. 

Since 1937, 3,133 patients with segmental 
bronchiectasis have been seen at the Overholt 
Thoracic Clinic and 1,067 of them have under- 
gone resection of the diseased bronchopulmo- 
nary segments. Ninety-nine patients under- 
went bilateral pulmonary resection and form 
the basis of this report. 
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Material 

Of the 99 patients included in the series, 24 
were male ranging from 6 to 58 years old (aver- 
age, 41 years), and 75 were female ranging from 
6 to 63 years old (average, 48 years). Three fe- 
male patients were noted to have situs inversus 
and chronic sinusitis in addition to bronchiec- 
tasis, and another female patient had polyar- 
teritis. A history of tobacco use was present in 
less than half the patients in the series. 

By decade, the distribution of patients un- 
dergoing bilateral resection was as follows: 1937 
through 1947, 17 patients; 1948 through 1957, 56 
patients; 1958 through 1967, 13 patients; and 
1968 through 1977, 13 patients. When seen ini- 
tially, all patients were incapacitated by recur- 
rent infection, intractable cough, sputum pro- 
duction, and frequent hemoptysis refractory to 
medical management. In addition to a careful 
history, physical examination, and thoracic 
roentgenogram, bronchoscopic evaluation and 
detailed bronchography (Figure) were obtained 
for all patients. When bilateral disease was de- 
lineated, the initial surgical procedure was 
undertaken on the side with the more extensive 
involvement. Patients with a previous diag- 
nosis of tuberculosis or those in whom tuber- 
culosis was established postoperatively were 
excluded from the series. 

A total of 216 resections were performed on 
99 patients. Seventy-four patients had two op- 
erations, 18 patients had three operations, 1 
patient had four operations, and 1 patient had 
five operations. Bilateral simultaneous resec- 
tions were performed on 5 particularly good 
risk patients. 

The distribution of resected segments and 
lobes is shown in Table 1. A mean of 3.8 bron- . 
chopulmonary segments were resected per pa- 
tient-operation, and a mean of 8.5 bronchopul- 
monary segments were resected per patient. 
The foci of disease requiring resection were 
found for the most part in the dependent por- 
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(A) Bronchogram showing contracted middle and lower 
lobes on the right side and ectatic bronchi in the lingula 
and basal segments on the left side. (B) Bronchogram 
showing bronchiectatic changes in the middle lobe and 
basal segments on the right side and in the lingula and 
basal segments on the left side. 


Table 1. Distribution of Resected Lobes 
and Segments in 216 Operations 








No. of 
Location Patients 
Right upper lobe 2 
Anterior segment 14 
Right middle lobe 85 
Medial segment 2 
Lateral segment | 
Right lower lobe 12 
Superior segment 4 
All basal segments 36 
One basal segment 10 
Left upper lobe 2 
Anterior segment 7 
Apical posterior segment ] 
Lingula 62 
Inferior segment 13 
Superior segment ] 
Left lower lobe 25 
Superior segment 8 
All basal segments 5] 
One basal segment 12 





tions of the lung, with the right middle lobe, 
lingula, and basal segments of the lower lobes 
predominating. 


Results 

Operative Complications 

There were 3 operative deaths, for a 1.4% oper- 
ative mortality in a 3% patient mortality. The 
causes of death included hemorrhage (1 pa- 
tient), cardiac tamponade due to perforation of 
the main pulmonary artery by wire suture used 
to close a bronchus (1 patient), and cerebral 
edema due to previously undiagnosed aquae- 
ductus stenosis and hydrocephalus (a child). 

Pneumothorases occurred in 23 instances 
following postoperative removal of intercostal 
tubes and were treated either by simple aspira- 
tion or reinsertion of the tube. Reoperation for 
hemorrhage was required in 2 patients. Bron- 
choscopy was performed on 33 occasions for 
retained secretions, and 3 patients required 
tracheotomy for this problem in the postopera- 
tive period. 

Empyema associated with bronchopleural 
fistula occurred following fifteen procedures, a 
7% operative incidence, and was treated satis- 
factorily either by open drainage alone or in 
conjunction with a delayed limited thoraco- 
plasty. There were no deaths attributable to 
this complication. 
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Table 2. Follow-up Results by Decade in 99 Patients 











Result 
Decade Excellent Very Good Satisfactory Unimproved Poor Death Total 
1937-47 2 5 5 4 0 1 17 
1948-57 4 14 28 5 4^ 1 56 
1958-67 4 4 5 0 0 0 13 
1968-77 0 5 0 0 ji 13 
Total" 10 (7.9) 28 (8.4) 45 (8.6) 9 (8.2) 4 (9.2) 3 (8.7) 99 (8.5) 





*All died of respiratory failure within 3 months of operation. 


"Number in parentheses equals average number of bronchopulmonarv segments resected per patient. 


Follow-up 

Follow-up ranged from 1 to 30 years (average, 
10.2 years). Data are available on 70% of the 
patients at 5 years, 50% at 10 years, and 25% at 
20 or more years. Only 1 patient was lost to 
follow-up. Postoperative results were catego- 
rized according to assessment by the surgeon, 
the patient, and occasionally, the referring 
physician. These results are summarized by 
decade in Table 2. 

Ten patients followed from 7 to 30 years were 
pursuing an active, unrestricted life without 
symptoms of bronchiectasis and required no 
antibiotics. They were considered to have ex- 
cellent results. Twenty-eight patients followed 
from 1 to 30 years were considered to have very 
good results. They reported only occasional 
episodes of hemoptysis or infection requiring 
antibiotics and little if any restriction of activ- 
ity. Forty-five patients followed from 1 to 25 
years reported definite improvement in symp- 
toms compared with the preoperative severity 
but, in contrast to the preceding groups, they 
were on a moderate regimen of antibiotic 
treatment and occasionally required hospitali- 
zation for pulmonary symptoms. They were 
considered to have satisfactory results. Overall, 
83 patients (84%) achieved satisfactory to ex- 
cellent results. 

Unsatisfactory results were obtained in 16 
patients. Eight of them followed from 3 to 20 
years reported no improvement in symptoms 
and remained disabled by the disease. The 3 
patients with deaths, 4 patients dying of respi- 
ratory failure within three months of operation, 
and 1 patient lost to follow-up were also in- 
cluded in this category. 


Comment 

The pathological changes of abnormal bronchial 
dilatation in association with chronic necrotiz- 
ing infection, described by Laennec [9] more 
than 150 years ago, are now generally recog- 
nized. The most severe involvement is typically 
seen at the level of the third and fourth bronchi, 
which are grossly dilated and often filled with a 
suppurative exudate. There is a loss of the nor- 
mal ciliated columnar epithelium, destruction 
of the smooth muscle in supporting elastic tis- 
sue, and cartilage with peribronchial or trans- 
mural fibrosis. Eventually, destruction of the 
bronchial wall with fibrous replacement results 
[1, 16]. If unmodified by appropriate treat- 
ment, these inflammatory changes can ulti- 
mately extend into the surrounding pulmonary 
parencayma, thereby producing a shrunken, 
functionless lobe. In addition, hypertrophied 
bronchial arteries can develop anastomoses 
with the pulmonary circulation at the level of 
the third and fourth bronchi and contribute to 
troublesome hemoptysis. Infrequently, lung 
abscesses or empyema can occur. 

The cause of these bronchiectatic changes has 
been ascribed to a variety of contributory or 
antecedent diseases all sharing the common 
elements of bronchial obstruction or stasis and 
suppurative infection. Before the development 
of methods of immunization, a history of 
measles, pertussis, or childhood influenza was 
common in patients with bronchiectatic prob- 
lems. Patients with impaired host defense 
mechanisms, manifested by conditions such as 
cystic fibrosis or congenital agammaglobu- 
linemie, commonly suffer from bronchiectasis. 
It has also been reported in patients with ho- 
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mozygous alpha,-antitrypsin deficiency. Ex- 
trinsic obstruction or compression of a bron- 
chus by inflammatory lymph nodes anc the 
anatomical anomaly of a sequestered pilmo- 
nary lobe have also been associated with bron- 
chiectasis. On the other hand, endobronchial 
obstruction, whether by tumor or aspirated 
foreign body, and chronic gastric aspiration 
can, if associated with suppurative infection, 
result in irreversible bronchiectatic changes. 
The bronchiectasis associated with chronic 
sinusitis and situs inversus, a syndrome de- 
scribed by Kartagener [8], has recently been 
explained by an underlying ultrastructural 
ciliary abnormality that results in inefective 
mucociliary transport [5]. 

The clinical recognition of bronchiectasis is 
not difficult if it is remembered that the inten- 
sity of the symptoms is usually related to the 
severity of the underlying infection. A chronic 
cough productive of a mucopurulent sputum, 
which classically layers upon standing, is the 
most frequent symptom. Hemoptysis end re- 
current pneumonia should alert the physician 
to suspect bronchiectasis after carcinoma has 
been excluded. Patients with advanced disease 
can be seen with weight loss, dyspnec, club- 
bing, and seriously compromised pulmonary 
function from advanced parenchymal destruc- 
tion. Empyema, metastatic brain absces:.es, and 
amyloidosis, all frequently mentioned in early 
studies, are rare complications today. A:though 
the clinical diagnosis of this disease may appear 
to be straightforward, definitive diagnosis de- 
pends on the performance of detailed bron- 
chography. The value of endobronchally in- 
stilled iodized poppy seed oil (Lipiodol) was 
demonstrated by Sicard and Forestie- [19] in 
1922, and bronchography continues to be the 
most important diagnostic modality in the 
evaluation of this disease. 

The medical treatment of bronchiec-asis be- 


fore the use of antibiotics was unsatisfactory, 


and bronchiectasis remained a chrcnic and 
often fatal disease. Clinical studies om that 
time quoted 10-year mortality rates ranging 
from 30 to 5096 [2, 4, 5]. The earliest attempts 
to resect the involved pulmonary segments 
were discouraging because operative mortality 
equaled that of the untreated disease '7, 11]. In 


the 1930s, however, adcption of the technique 
of individual ligation of hilar structures eventu- 
ally resulted in reports of less than 5% mortality 
[3]. Further technical advances, including seg- 
mental resection as described by Churchill and 
Belsey [4] and further detailed by Overholt and 
associates [14], combined with improved tech- 
niques of anesthesia and postoperative care 
have resulted in an operative mortality of less 
than 1% [16-18]. 

These results, however, were achieved 
primarily in patients with localized unilateral 
disease, and the presence of bilateral disease 
has frequently been considered a contraindica- 
tion to surgical intervention due, in part, to 
concern over excessive loss of functional pul- 
monary parenchyma. It has been our view that 
the mvolved bronchopulmonary segments are 
either functionless or, at least, represent a risk 
to tre as yet uninvolved segments and should 
be removed if the patient’s condition permits. 

In 1936, Lewis [10] reported a successful 
bilateral lower lobectomy for bronchiectasis. 
The first bilateral resection at the Overholt 
Thozacic Clinic was completed the following 
year and through June, 1977, a total of 99 pa- 
tienis with severe bilateral multisegmental 
bronchiectasis had been treated by bilateral re- 
sections. The results in these patients, reported 
here, are encouraging in that 8496 of the pa- 
tierts were improved and 4096 were completely 
or nearly completely relieved of their symp- 
toms. These compare favorably with the results 
in é smaller group of patients undergoing bilat- 
era. resection for bronchiectasis reported by 
Seely and associates [18]. The proportion of pa- 
tients afforded satisfactory to excellent results 
has increased steadily since the first decade re- 
po-ted, and in the last 20 years all our patients 
were improved following operation. Better pa- 
tient selection, refinement' in operative tech- 
niques, and the introduction of more effective 
antibiotics have, in our view, contributed to 
th:s trend. 

Tere have been only 4 known late deaths in 
the entire group, with 30 years of follow-up 
available in several patients. Although the 
meaan number of bronchopulmonary segments 
resected per patient, 8.5, did not correlate 
siznificantly with the postoperative results, it is 
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of note that cor pulmonale developed in 5 pa- 
tients 5 to 20 years (average, 12 years) following 
final resection. The mean number of broncho- 
pulmonary segments resected in this smaller 
group, 11, is significantly higher than the over- 
all series and emphasizes the importance of 
maximum conservation of normal pulmonary 
parenchyma. In general, however, satisfactory 
results have been maintained even in patients 
with as many as 10 to 13 of 18 bronchopulmo- 
nary segments resected. Respiratory insuffi- 
ciency, presumably resulting from progressive 
parenchymal disease, has been an uncommon 
event, occurring in only 2 patients in long-term 
follow-up. 

While the current primary treatment of 
bronchiectasis is medical, patients with exten- 
sive disease and particularly those ‘with bilat- 
eral disease merit special attention from the 
surgeon. The results of this series suggest that 
bilateral involvement is not a contraindication 
to surgical resection in properly selected pa- 
tients. Meticulous surgical technique and 
careful attention to the details of preoperative 
and postoperative pulmonary toilet can provide 
lasting benefit with acceptable morbidity and 
mortality in patients with advanced bilateral 
segmental bronchiectasis. 
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Discussion 

DR. LYMAN BEEWER (Los Angeles, CA): This has been 
a most interesting presentation of the lifetime surgi- 
cal experience of Dr. Overholt, a pioneer contributor 
to segmenta. resection. Antibiotics now control 
pneumonia, panbronchitis, and most cylindrical 
bronchiectasis, thereby obviating the need for oper- 
ative intervention. Operate only on saccular bron- 
chiectasis! 

Success in »ilateral pulmonary resection is based 
on five important principles: accurate diagnosis by 
complete five-lobe bronchograms; careful preopera- 
tive preparation; thorough assessment of cardiopul- 
monary funct on; meticulous operative technique; 
and vigilant postoperative care. Time permits dis- 
cussion of only a few of these points. 

Preoperative assessment of pulmonary function is 
now much more precise. Dr. John E. Hodgkin, Pro- 
fessor of Pulmenary Medicine at Loma Linda Univer- 
sity, presented. some advanced thinking on preoper- 
ative preparaton and pulmonary function at our 
symposium las: month in Los Angeles (Am J Surg; in 
press, 1979). H= pointed out that the eight most im- 
portant indicators of increased risk of postoperative 
cardiopulmona-y complications are the following: (1) 
maximal voluntary ventilation (maximal breathing 
capacity) < 50% of predicted; (2) PaCO, > 45 mm 
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Hg; (3) timed vital capacity in one second < 1.0 liter; 
(4) vital capacity < 1.5 liters; (5) PaO, < 55 mm Hg; 
(6) failure of improvement with bronchodilatcrs; (7) 
abnormal electrocardiogram; and (8) grossly ebnor- 
mal xenon ventilation/perfusion scan. The match 
blowing test in which the patient attempts tc blow 
out a match held six inches from the open mou: h, has 
validity. Extinguishing the flame means FEV, of 1.5 
liters, MVV > 60 liters per minute, and MEFR > 100 
liters per minute. 

Intraoperative procedures of importance ar2 pres- 
ervation of the phrenic nerve and the diaphragmatic 
action, which contributes 75% of ventilation, control 
of bleeding and air leaks, and secure closure of the 
bronchus. Our use of the pedicled pericardial fat 
graft and the technique of bronchial closure has 
eliminated bronchopleural fistula. A dead s»ace in 
the pleural cavity that is greater than 750 ml must be 
eliminated. This is done by using a subapical pleural 
partition or tent, by freeing up the diaphragm under 
the pericardium, which allows the diaphragm to rise 
and function effectively at a higher level, anc by de- 
corticating remaining segments of lung, as indicated. 


DR. DOV WEISSBERG (Be'er Yazkov, Israel): I rave al- 
ways thought that excessive conservatism rrolongs 
suffering. At Shmuel Harofe Hospital, we operate 
on patients with bilateral disease who have been 
rejected by other centers because of the oilateral 
involvement. If the disease 1s localized, ou- results 
usually are excellent. At present there is a bias for 
conservative management, which | consider un- 
justified. In a patient with bilateral disease, we oper- 
ate on the most involved side first, and cften are 
satisfied with unilateral resection because th» patient 
becomes asymptomatic. 
| congratulate the authors on this classic study. 


DR. OVERHOLT: | would like to emphasize that Dr. 
Stuart George did the major part of the worx on this 
paper and is its primary author. 

This is a rather unique report. lt is a review cover- 
ing a 40-year period by two collaborating authors, 
neither of whom was alive when half of the patients 
comprising the study were treated. It is dirficult for 
young surgeons to realize that in the early days of 
thoracic surgery, we worked without a pulmonary 
function laboratory, without a recovery rocm, with- 
out an intensive care unit, without centre] venous 
pressure or the sophisticated monitoring devices, 
and without antibiotics. However, as Dr. Leonardi 
has reported, the mortality and complicetion rate 
were surprisingly low. 

Two or three points in technique deserve comment 
here. First, in exposing and mobilizing the lung it is 
extremely important not to injure the visceral pleura 
of the healthy segments, which are to remain as 


functicning units. It is difficult to prevent air leaks 
because these segments expand to occupy a larger 
volum? in the hemithorax. Second, it is important 
not tc overlook segments that are diseased. For 
example, in resecting a right middle lobe for bron- 
chiectasis, involvement of a subsegment of the an- 
terior segment of the upper lobe can be missed. 
Later, it is very difficult to reexplore, mobilize the 
lung, and retrim the bronchial tree without damag- 
ing healthy segments. It is extremely important to 
remove, if possible, all diseased segments of that 
lung hat is being operated on. For example, in 1 
patient, a bronchogram revealed ten functionless 
segments that were flooding the bronchial system of 
eight healthy segments. This patient, who had sup- 
purat.ve bronchiectasis following whooping cough 
wher he was 3 years old, was a pulmonary cripple 
for 8 years. Thirty-three years later, after operation, 
pulmonary function revealed very little restrictive 
defec, and he was able to lead a normal life. 

The technique of segmental resection that was de- 
scribad about 30 years ago, is essentially the same as 
the oae used today. The lobe is held together by four 
struc:ures: the visceral pleura, the veins, the artery, 
and he bronchus. If these four structures are all di- 
vided, the loose tissue between the segments will 
ready dissolve between the thumb and index finger 
and the segment will fall apart. By inflation, it is 
poss.ble to determine where the visceral pleura 
should be divided. 

My third point concerns a segment that is not de- 
forrred and does not leak much air. It is important to 
brinz the lung in contact with the parietal pleura to 
effect immediate space obliteration. 

Ws found one important alteration in the original 
techaique very useful. The bronchus should be li- 
gated but not divided until the surgeon is ready to 
seperate the intersegmental plane. The segment is 
helc in its normal relationship to the contiguous 
segraent and is not folded back. A finger can be in- 
trocuced in the hilar area and, by gentle pressure, 
finc its way to the proper place under the pleura. 
Them the pleura can be :ncised, at that point, and the 
tunneling made in two or three places. The index 
finger and thumb then press the tissue between 
them, and it melts away. 

Vle have not found it useful to use the stapler in 
mozt segmental resections because the clamp does 
not find the precise intersegmental plane. It may in- 
clude some disease or it may take off too much of the 
normal segment above. We have relied on the "edu- 
cated” finger to find this plane. Dr. Brewer pointed 
out that meticulous technique is necessary. We 
shculd all remember that the lung is the most delicate 
of ell the organs that the surgeon has to handle. If the 
normal segments are not injured, morbidity should 
be extremely low. 


Esophageal Atresia and Tracheoesophageal 
Fistula: Preoperative Assessment and Reduced Mortality 


Joseph C. Stothert, Jr., M.D., Lawrence McBride, M.D., J. Eugene Lewis, M.D., 
Richard K. Danis, M.D., and Hendrick B. Barner, M.D. 


ABSTRACT One hundred twenty-nine infants with 
esophageal atresia and tracheoesophageal fistula 
were reviewed from 1955 to 1978. The overall mor- 
tality was 38%. Factors associated with the increased 
mortality include prematurity, pneumonia, and con- 
genital defects other than this anomaly. A classifica- 
tion based on these factors is introduced, which pro- 
vides the clinician with a prognostic survival rate 
greater than 90% with only physical examination, 
chest and abdominal roentgenography, and intrave- 
nous pyelography. Postoperative mortality was re- 
duced to 11% in the last five years of the study; this 
is attributed to the exclusive use of the retropleural 
approach to the esophagus, more intensive post- 
operative ventilatory support, and routine use of 
parenteral nutrition. 


Esophageal atresia and tracheoesophageal fis- 
tula ranges in incidence from 1 out of 1,500 to 1 
out of 4,500 live births. The defect in em- 
bryogenesis occurs during the fourth to fifth 
_week of fetal development. The mechanism of 
development of this anomaly is thought to be 
incomplete separation of the lung bud from the 
foregut, resulting in an abnormal communica- 
tion between the esophagus and the trachea in 
association with failure of normal esophageal 
development. 

Isolated esophageal atresia was described by 
William Durston in 1670 [32]. Twenty-seven 
years later the associated tracheoesophageal fis- 
tula was reported [32]. The entity remained uni- 
formly fatal until the development of a staged 
operative procedure by Ladd [24] and Leven [25] 
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in 1939. The initial stage consisted of gastros- 
tomy followed by closure of the fistula with a 
cervical esophagostomy. Esophageal substitu- 
tion was performed at a later date. In 1941, suc- 
cessful primary repair of the esophagus with 
division cf the associated fistula was accom- 
plished by Haight and Towsley [14], marking a 
new era ir: the treatment of this disease. 

Over the past three decades the mortality 
from tkis congenital anomaly has steadily de- 
creased [1, 5, 10, 17, 18, 30]. The factors influencing 
surviva. include low birth weight, pneumonia, 
and associated anomalies [2, 5, 17, 19, 27, 30, 
33, 35]. Mejor advances in operative technique, 
neonatal intensive care, and respiratory sup- 
port have significantly increased survival in the’ 
postoperat-ve period. This report is a review of 
all infants seen for correction of esophageal atre- 
sia and tra-heoesophageal fistula from 1955 to 
1978 at Cardinal Glennon Memorial Hospital for 
Children. Factors that we think affect mortality 
are analyzed and compared with previous re- 
ports. 


Clinical Méterial and Results 

One hurdred twenty-nine patients were evalu- 
ated from 1255 through 1977. The distribution 
of infants into anatomical categories is shown 
in the Fizure, and, for comparison, is grouped 
according to the classification of Gross [13]. 
The overall operative survival of our series is 
62%. 

To study current survival trends, we divided 
the patients into four separate categories ac- 
cording to the operative data. Group 1 includes 
infants operated on before 1963; Group 2, 1963 
through 1967; Group 3, 1968 through 1972; and 
Group 4, 1973 through 1977. Table 1 lists the 
survival stat.stics for each group. The Table is 
further diviced to include survival for prema- 
ture infarts weighing less than 2,000 gm. Re- 
cent reduced mortality is shown by the current 
Group 4 survival of more than 90% in full-term 
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Type A 
7(5.4 5) 
Type E 
6(4.6 5) 
Type D 
1(0.8%) 1(0.8 % ) 
Type C 
114 ( 88,4 % } 
Anatomical classification of total patient population. 
Table 1. Survival in 129 Patients 
Group 1 Group 2 Group 3 Group 4 

Survival 1955-1962 19€3-1967 1968-1972 1973-1977 
. No. of patients 31 28 42 28 

Less than 2,000 gm 6 4 4 4 

Survival 0 0 25% 75% 

More than 2,000 gm 25 24 38 24 

Survival 56% 54% 74% 92% 
Group survival 46% 46% 67% 89% 
Combined overall 62% 


survival 


infants. Similarly, the increased survival of the 
premature infant is noted. 

Other congenital anomalies commonly are 
found with esophageal atresia and tracheo- 
esophageal fistula. Little difference in the oc- 
currence rate of these associated defects has 
been noted in our series over this twenty- 
two year period. 

At Cardinal Glennon Memorial Hospital for 
Children, the infant with esophageal atresia 
and tracheoesophageal fistula initially under- 
goes a gastrostomy. A primary repair is done 


when the infant’s condition is optimal. This 
time period ranges from twenty-four hours 
after birth to ten days. If a primary repair is not, 
feasible, the fistula is closed and a cervical | 
esophagostomy is performed. The continuity of. 
the gastrointestinal tract is not restored until 
the child is 2 years old. The early experience 
wth primary repair during this study was al- 
most entirely through a transpleural approach. 
Later, a retropleural esophageal anastomosis 
was preferred. Tabie 2 lists the various proce- 
dares performed in each group. 
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Table 2. Operative Procedures 





Group 1 
1955-1962 


Procedure (N = 31) 


None or gastrostomy 2 

Primary repair Lt 
Transpleural 21 
Retropleural 6 


Complete diversion 2 


Table 3. Causes of Death? 


Group 1 


Group 4 


Cause 1955-1962 


Respiratory distress 


Pneumonia 

Sepsis 

Cardiac failure 
Anastomotic leak 
Central nervous disorder 


Pre NOD OO oO 


Renal failure 


Total deaths 17 


"May be more than one factor per infant. 


Despite emphasis on the early diagnostic 
signs of esophageal atresia and tracheo- 
esophageal fistula, there has been little change 
in the rapidity of diagnosis in the last twenty 
years. The recent increased survival cannot be 
related to earlier diagnosis in the Group 4 pa- 
tients. 

The cause (or causes) of death found on 
postmortem examination are given in Table 3. 
Pneumonia associated with respiratory distress 
accounted for the majority of deaths in Groups 
1, 2, and 3. In Group 1, anastomotic leak with 
resulting empyema was a major factor in mor- 
tality. In this group, 7 of 9 infants who had an 
anastomotic leak died. The 7 were patients who 
underwent transpleural repair. In subsequent 
years, the mortality from anastomotic failure 
steadily declined. Another major contributing 
factor to mortality in all groups was congenital 
heart disease. In Group 4, 2 deaths were di- 
rectly related to this cause. One infant had a 
single ventricle and the other, pulmonary artery 
stenosis. The only other infant in Group 4 who 
died was seen with severe bilateral pneumonia. 


Group 2 Group 3 Group 4 
1963—1967 1968—1972 1973—1977 
(N = 28) (N = 42) (N = 28) 
4 3 1 
23 35 25 
1 2 0 
22 33 25 
1 4 2 
Group 2 Group 3 
1963—1967 1968—1972 1973—1977 
3 4 0 
9 10 1 
9 10 1 
6 3 2 
3 3 0 
0 3 0 
0 2 0 
15 13 3 


This premature infant died before surgical re- 
pair. 


Commert 

The story of operative treatment for esophageal 
atresia and tracheoesophageal fistula is one of 
gradual -mprovement in infant survival. Our 
series documents this progress. A review of the 
reported series of others is shown in Table 4 
and supports this trend. 

The preoperative evaluation of each infant 
rests primarily on physical assessment coupled 
with chest roentgenogram and blood chemis- 
tries. An intravenous pyelogram is also rou- 
tinely performed during the initial hospital- 
ization. A thorough evaluation is essential to 
delineate other associated abnormalities that 
could be treated in a logical staged fashion [12]. 

This series demonstrates our change in oper- 
ative management. Initially, prompt definitive 
repair using a transpleural procedure was done. 
After the report of Holder and Gross in 1960 
[20], this was modified with the use of gastros- 
tomy. Then, a shift to the retropleural approach 
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Table 4. Comparison of Survival 


en ll tt E M LLLA 


Survival Based 
cn Waterston's 





Classification 
Overall 
No. of Survival Type A Type B Type C 
. Author Pati=nts (%) (%) (%) (%) 
Holder et al [19]—1964 908 sts 72 39? 
Romsdahl et al [30]--1966 34 56 
Slim and Bickers [33]—1970 35 37 
Ferguson [10]—1970 69 70 33" 
Holden and Wooler [17]—1970 120 32 
Buker et al [5]—1972 33 61 66 50? 
Abrahamson and Shandling [1]—1972 | 277 63 74 68 24 
Bond-Taylor et al [4]—1973 40 72 90 50 64 
Koop et al [23]—1974 134 Dose 702 52 
Cozzi and Wilkinson [8]—1975 8C 75 95 89 47 
Redo [271—1975 52 77 
Lopez-Perez [26]—1976 4C rus 91 60 14 
German et al [11]—1976 107 82 100 96 43 


*In this series, Type A-B or B-C was not differentiated. 


seemed to offer better control of postoperative 
complications resulting from anastomocic dis- 
ruption [19]. At present, we favor an initial 
gastrostomy in all infants who have large fis- 
tulas or whose status is compromised by 
pneumonia, prematurity, respiratory cistress, 
cardiac disease, or other serious ancmalies. 
Thoracotomy with esophageal repair is accom- 
plished in a retropleural fashion as soon as the 
risk of the procedure has been reduced to an 
acceptable level. Repair of the esopLagus is 
performed using a single layer of 4-0 s Ik in an 
end-to-end fashion when feasible. Ths allows 
excellent approximation without straregulation 
of tissues. To reduce stenosis of tke anas- 
tomosis, the anterior row of sutures is com- 
pleted with a No. 12 catheter in the luraen. The 
catheter is removed after the sutures have been 
tied. Utilizing this technique in combination 
with retropleural thoracotomy has reduced the 
mortality of anastomotic failure from 73% in 
Group 1 (7 of 9 patients) to 0 in Group £ (0 of 4). 
The nutritional requizements of en infant 
with congenital anomalies and lcw birth 
weight, and facing a major thoracic procedure 
should be of concern to the surgeon. Before 
1970, little attention was directed to-;ard this 
problem. In 1968, Wilmore, Dudrick. and co- 


worxers [9, 36] demonstrated that adequate 
growth could be achieved in an infant by the 
cen-ral infusion of a hypertonic glucose and 
pro:ein solution witn added electrolytes and 
vitemins. In a combined series of 55 patients 
on ayperalimentation, an average daily weight 
gain of 21.8 gm was noted; this closely parallels 
the normal expected infant growth curve [15]. 
The development of new infusates with fat 
emuilsion as a caloric source and with reduced 
glucose concentration has allowed parenteral 
alimentation through peripheral veins. Coran 
[6, 7] demonstrated that peripheral alimenta- 
tion resulted in an average weight gain of 8.7 
gm per day and positive nitrogen balance. Par- 
enieral nutrition is indicated when there will be 
a celay in gastrointestinal alimentation or when 
it 1s used as an additional caloric source in the 
pcstoperative period [16, 21]. In a series of 34 
inzants with congenital anomalies, 6 of whom 
hed esophageal atresia with an anastomotic or 
gestrostomy leak, peripheral alimentation with 
fai emulsion as the caloric source provided 
major nutritional support without complication 
[22]. More than 8595 of these infants in Group 4 
were peripherally alimented for periods rang- 
ing from one week to a month or more. It 
should be stressed that this form of nutrition 
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can be used when the gastrointestinal tract is 
not functioning or as an adjunct to gastrointes- 
tinal feedings. The extent to which nutritional 
support contributed to increased survival in 
Group 4 is not known. The maintenance of 
positive nitrogen balance is a major factor in the 
recovery phase of illness. 

Decrease in mortality can “be attributed 
largely to advances in neonatal intensive care, 
especially in the areas of pulmonary therapy 
and ventilatory support. In one series, survival 
for premature infants whose mean birth weight 
was 869 gm increased to 47% in.1976 compared 
with 29% four years earlier [31]. Respiratory in- 
sufficiency is a problem common to both pre- 
mature infants and infants with esophageal 
atresia and tracheoesophageal fistula [5, 17, 19, 
30, 33]. In a survey of the American Academy of 
Pediatrics, it was noted to be the principal 
cause of death in 6296 of the patients [19]. In our 
series, pulmonary failure in the fórm of hyaline 
membrane disease and pneumonia was the 
cause of death in 8296, 8096, 10096, and 3396 of 
Groups 1, 2, 3, and 4, respectively. The signifi- 
cant increase in Group 4 survival is associated 
with a striking decrease in death due to pulmo- 
nary insufficiency. The development of infant 
ventilators and new concepts in neonatal ven- 
tilatory management with regard to peak air- 
way pressure, inspiratory-expiratory ratios, 
continuous positive airway pressure, and posi- 
tive end-expiratory pressure have increased 
infant survival [3, 28, 29]. This trend is illus- 
trated in the series of Reynolds and Taghizadeh 
[29] in which infants treated with mechanical 
ventilation during 1967 to 1969 were noted to 
have an 1196 survival rate compared with a 49% 
survival for 1970 to 1972. Continued advances 
in this field have resulted in minimal morbidity 
and no death of any infant in our series seen 
during the last five years without evidence of 
preoperative pneumonia. 

Operative technique, attention to nutritional 
requirements, and pulmonary support have re- 
duced mortality. These factors combined with 
careful evaluation in the preoperative period 
have influenced the survival for full-term and 
premature infants alike. In our series and other 


recent reports, respiratory disease and pneu- . 


monia no longer pose a mortal threat to the in- 


fant [&, 11]. To deal with this improved outlook, 
we propose a simplification of the classification 
of Waterston and co-workers [34]: 


Type A infants: full term (2,000 gm or more), 
with: or without minor associated anomalies 
Type 3 infants: premature (2,000 gm or less), 

with any other major congenital anomaly 


Using this classification on our infants dur- 
ing 1973 to 1978, Type A individuals had a 
10096 cperative survival whereas Type B infants 
had a 5796 survival. As more effective forms of 
therapv are developed for the treatment of con- 
genita! diseases of other organ systems and in 
the field of premature care, survival in Type B 
also will increase. 
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Avoidance of Esophageal 


Stricture Following Severe Caustic Burns 
by the Use of an Intraluminal Stent 


Lawrence J. Mills, M.D., Aaron S. Estrera, M.D., 


and Melvin R. Platt, M.D. 


ABSTRACT The high incidence of stric- 
ture following conventional therapy for caustic 
esophageal injuries prompted us to incorporate the 
esophageal stenting technique of Reyes and col- 
leagues [3, 5, 6] into our protocol for management of 
such patients. Four adult patients were treated fol- 
lowing severe esophageal burns caused by the in- 
gestion of caustic drain cleaner. The severity of the 
burn was established by early esophagoscopy. 
Laparotomy and gastrotomy revealed severe but 
nontransmural gastric burns. The stent was left in 
place for 21 days. Antibiotics and corticosteroids 
were also employed. There have been no late stric- 
tures. One patient required laryngeal dilation for 
adhesions and another, tracheal dilation for sub- 
= glottic stenosis. Contrast roentgenographic studies 
and esophageal manometry have revealed nearly 
normal esophageal function up to 20 months fol- 
lowing the injury. 


Caustic injury to the esophagus produced by 
the accidental or intentional ingestion of strong 
alkali remains a difficult management problem 
and a source of prolonged morbidity. The mild- 
est burns of the esophagus can be managed by 
conservative treatment with corticosteroids and 
‘antibiotics. The most severe transmural burns, 
usually produced by highly concentrated liquid 
products, require emergency resection, with 
staged reconstruction. 

Burns of intermediate severity are a ther- 
apeutic challenge since stricture formation is 
a common sequela. Because we had had poor 
results utilizing corticosteroids, antibiotics, 
and periodic dilations in patients with such 


From the Department of Thoracic Surgery, University of 
Texas Southwestern Medical School, Dallas, TX. 


Presented at the Twenty-fifth Annual Meeting of the South- 
ern Thoracic Surgical Association, Nov 2-4, 1978, Marco 
Isiand, FL. 


Address reprint requests to Dr. Mills, Department of Sur- 
gery, 5323 Harry Hines Blvd, Dallas, TX 75235. 


burns, we sought to investigate the intralumi- 
nal stenting technique described by Fell and 
co-workers [1] in 1966 and further elaborated 
and refined by Reyes and colleagues [3, 5, 6]. 

In order to establish criteria for application of 
this techaique, we reevaluated our treatment 
program for the entire spectrum of caustic in- 
jury to the upper gastrointestinal tract. Im- 
pressed by the results reported by Ritter [7], 
Gago [2], Kirsh [4], and their associates, we also 
have util-zed emergency esophagogastrectomy 
as the treatment of choice for severe transmural 
burns. Siace transmural gastric injury may not 
be apparent on physical examination or labo- 
ratory or radiological tests, we consider explo- 
ratory laparotomy to be mandatory if severe 
esophageal burns are present or if the gastric 
pH is pecsistently alkaline after gentle saline 
lavage. Tais condition indicates that a large 
dose of caustic material has reached the 
stomach. The protocol for management of caus- 
tic ingestion is depicted in Figure 1. 


Method 

The intraluminal stent is employed in patients 
who have second- and third-degree esopha- 
geal burns as established by esophagoscopy. 
Barium. swallow is not used routinely since 
the interpretation is rarely definitive and does 
not alter the need for esophagoscopy. The 
esophazoscope is advanced until an area of ul- 
ceration cr eschar formation is encountered. 
Even if first-degree burns are found, the ex- 
amination is continued since we have observed 
that the burn is often most severe in the distal 
esophagus. If second- or third-degree burns are 
visualized, an exploratory laparotomy is 
routinely performed through a midline incision 
to assess gastric viability. It is important to 
enter the lesser sac since transmural injury is 
more likel; in the dependent portion of the 
stomach. I? the stomach is judged to be viable 
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Nontransmural 
Gastric Burn 
INTRALUMINAL STENT 





Fig 1. Protocol for management of caustic ingestion. 
Gastric pH and findings of esophagoscopy determine the 
course of treatment. In our experience, severe trans- 
mural gastric burns always indicate full-thickness 
esophageal necrosis. 


on external inspection, it is opened with the 
GIA autostapler. In each of our patients, the 
severe esophageal burns appreciated by endos- 
copy were accompanied by severe mucosal 
burns in the stomach characterized by edema 
and a grayish black pseudomembrane covering 
the entire mucosal surface. In spite of a severe 
mucosal insult, the stomach will recover as long 
as the serosal surface remains intact. 

The adult stent is constructed from a 40 cm 
length of medical grade silicone tubing (Dow- 
Corning) 15.9 mm (5/8 inch) in outside diameter 
and 9.5 mm (3/8 inch) in inside diameter (Fig 2). 
A slit latex drain is affixed to the distal end to 
prevent reflux. An 18F Salem sump is passed 
through the nares and brought out through the 
gastrotomy. The end of the sump is placed 
in the proximal end of the stent and sutured in 
place. The stent is then pulled into the esoph- 
agus and positioned with the proximal end 
just through the cricopharyngeal junction and 
the distal end just through the esophagogastric 
junction. Position is maintained by secure tape 
fixation at the nares (Fig 3). Radiopaque clips 
attached at either end of the stent allow 





Fig 2. Detail of construction of the intraluminal stent 
illustrating the method of attachment of the latex 
"valve" and nasogastric sump catheter. 


monitoring of position by serial chest roent- 
genograms. The stomach is closed with the TA 
stapler and a feeding jejunostomy is performed. 

Postoperatively, the patient is maintained in 
a semi-Fowler position to minimize reflux. 
Feeding is accomplished through the jejunos- 
tomy. This route of feeding reduces the possi- 
bility of reflux. 
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Fig 3. Correct position of the intraluminal stent. The 
only point of fixation is the attachment of the sump tube 
at the nares. 





Fig 4. (Patient 4.) Barium swallow done 21 days after 
operation and just prior to removal of the stent. Note 
the free passage of the barium around the stent and the 
normal mucosal pattern. 


A cephalosporin is administered intrave- 
nously for 10 days. Methylprednisolone (1 mg 
per kilogram of body weight) is given daily for 
21 days and then is tapered. On the twenty-first 
day a barium swallow is obtained. In each pa- 
tient the roentgenogram revealed a mildly di- 


July 1979 





Ee. 
Llap O 13"B. UTHSCD 


lated esophagus with the stent suspended 
freely in the lumen (Fig 4). Removal of the stent 
is performed in the operating room under gen- 
eral anesthesia to permit esophagoscopy for 
evaluation of the degree of healing. 

Since mid-1976, 4 patients have met our crite- 
ria and have been treated with the intraluminal 
stent. The case reports follow. 


Case Reports 
Patient 1 
A 20-year-old man was admitted to the 


emergency room of Parkland Hospital on 
January 16, 1977, a few hours after swallowing 
three to five Darvon (propoxyphene hydro- 
chloride] capsules that had been filled with 
granular Drano. Physical examination showed 
severe oral burns. The lungs were clear. The 
abdomen was tender to palpation, with mild 
rebound tenderness. All laboratory tests were 
within normal limits, except for a white blood 
cell count of 12,000/mm?. Chest roentgenogram 
was normal. 

The patient was placed on a regimen of ste- 
roids and antibiotics. Esophagoscopy showed 
deep second-degree burns of the proximal 
esophagus. Laparotomy did not show trans- 
mural gastric necrosis, but inspection of the 
opened stomach revealed the mucosal surface to 
be gray to black in color and extremely edema- 
tous. The esophageal stent was inserted, and a 
feeding jejunostomy was performed. A second 
operation was done forty-eight hours later, 
which cor firmed gastric viability. The patient's 
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subsequent course was benign. Barium swal- 
low on the twenty-first postoperative day 
showed a patent esophagus with the stent 
floating in the lumen. When the stent was re- 
moved, the esophageal mucosa was normal 
without residual changes of the lye burn. 


Patient 2 

A 17-year-old boy inadvertently drank liquid 
Drano. He was admitted to the emergency room 
of Parkland Hospital. Vital signs were normal. 
Physical examination revealed burns on the lips 
and buccal mucosa. The condition of the abdo- 
men was benign. The gastric aspirate had a pH 
of 8. The white blood cell count was 13,600/ 
mm’. Esophagoscopy showed severe burns 
with friable tissue, mucosal desquamation, 
and ulceration in the proximal esophagus. 
Laparotomy revealed a pale stomach without 
full-thickness necrosis. Gastrotomy showed at 
least deep second-degree burns of the stomach 
and distal esophagus. The stent was inserted 
and a jejunostomy was performed. The pa- 
tient’s subsequent course was benign. A 
barium swallow on the twenty-first postopera- 
tive day revealed findings similar to those in 
Patient 1. Esophagoscopy showed only scat- 
tered areas of mild inflammation. 


Patient 3 
A 43-year-old woman was admitted to Park- 
land Hospital after ingesting liquid Drano, Tide 
detergent, and liquid bleach. She vomited re- 
peatedly and experienced severe chest pain. 
Physical examination revealed severe oral 
burns. The chest was clear and the abdominal 
examination, normal. Laboratory tests and 
chest roentgenogram were normal. The gastric 
aspirate had a pH of 8.0. Laryngoscopy showed 
severe laryngeal burns. Esophagoscopy showed 
severe ulcerations and inflammatory exudates. 
Laparotomy revealed a grossly edematous 
stomach without full-thickness necrosis. Gas- 
trotomy showed severe mucosal burns. The 
stent was inserted, and jejunostomy and 
tracheostomy were performed. Steroid therapy 
was omitted in this patient. 

The subsequent course was benign. A bar- 
ium swallow on the twenty-first day and en- 
doscopic findings were similar to those in the 


first 2 patients. A laryngeal stricture devel- 
oped, which responded to dilation. 


Patient 4 

A 43-year-old man with organic brain syn- 
drome was admitted twelve hours after ingest- 
ing an unknown quantity of powdered caustic 
dissolved in water. Physical examination re- 
vealed abdominal tenderness. The white blood 
cell count was 25,000/mm?, and the hematocrit 
was 59%. Chest roentgenogram was normal. 
Abdominal roentgenogram showed a dilated 
transverse colon and air-filled loops of small 
bowel. Esophagoscopy revealed burns starting 
at the cricopharyngeal junction that progressed 
in severity as the esophagoscope was advanced 
to the midesophagus, where there was eschar 
formation, deep ulcers, and marked friability. 
Laparotomy revealed serosanguineous ascitic 
fluid, marked edema of the greater and lesser 
omentum, but no gastric perforation. Gas- 
trotomy showed severe burns with eschar for- 
mation. The stent was placed and jejunostomy 
was performed. The postoperative course and 
studies were similar to those in the previous 
patients. 

Three weeks following discharge, the patient 
was readmitted with stridor secondary to sub- 
glottic narrowing. This responded to temporary 
tracheostomy and dilations. 


Follow-up 

Three of the 4 patients have undergone detailed 
follow-up at periods of four weeks to 20 months 
following injury. A careful dietary history, 
physical examination, barium swallow, and 
esophageal manometry were obtained for each. 
Manometry was performed using a standard 
trrple-lumen perfused catheter technique, with 
recordings made at each centimeter proximal to 
the distal high-pressure zone. 

The patient examined at four weeks (Patient 
4) had a normal barium swallow with some dila- 
tation of the esophagus. The motility testing re- 
vealed a normal upper esophagus with tertiary 
contractions in the lower third. The distal 
high-pressure zone was normal and relaxed ap- 
propriately with swallowing. 

Of the 2 patients examined at the longest 
intervals (17 and 20 months), 1 had a normal 
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Fig 5. (Patient 2.) Normal barium swallow done 17 
months following injury. 





Fig 6. (Patient 1.) Barium swallow done 20 months fol- 
lowing injury. Mild esophageal dilatation and evidence 
of esophagogastric reflux are present. 


barium swallow (Fig 5) and manometry (Patient 
2), while the other demonstrated radiographic 
evidence of reflux (Fig 6) and borderline low 
pressure at the lower esophageal sphincter (Pa- 
tient 1). 

All 3 patients were asymptomatic and were 
eating a regular diet at the time of writing. Pa- 
tient 1 specifically denied reflux symptoms but 
was placed on a medical regimen of antacids 
and had the head of his bed elevated as a 
prophylactic measure. The fourth patient (Pa- 
tient 3) was asymptomatic when last seen 6 
months after the burn. 


Comment 

The experimental foundation for the stent 
treatment of caustic esophageal burns was 
established by Fell and colleagues [1] and 
was later confirmed by Reyes and Hill [5]. 
These investigators showed that splinting of 
the burned esophagus during the period of 
granulation tissue formation and reepitheliza- 
tion avoided stricture formation. The mecha- 
nism of this effect seems to be the prevention of 
intraluminal adhesions between adjacent areas 
of healing esophageal wall. 

Also, in well-controlled experiments in cats, 
Reyes and Hill [5] demonstrated that the length 
of time that the stent is employed is critical to 
the final outcome. Splinting for only two weeks 
did not produce satisfactory results. Three 
weeks of splinting allowed almost complete 
epithelization to occur, with subsequent satis- 
factory complete healing without stricture. It is 
postulated that the nonreactive silicone stent 
produces a flat, thin bed of granulation tissue 
that is highly favorable to epithelial prolifera- 
tion and that reduces the acute inflammation 
that leads to extensive fibrosis of the deeper 
layers of the esophagus and eventual stricture 
formation. The excellent functional outcome in 
our patients, who had return to near normal 
motility, confirms in humans the results ob- 
tained in the feline studies. 

Webb and associates [8] showed that prompt 
treatment with corticosteroids and antibiotics 
has a favorable influence on the frequency of 
strictures following esophageal burns. For that 
reason, we generally employ these agents con- 
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comitantly with the intraluminal stent. We 
achieved a good result, however, in Patier.t 3 in 
whom steroids were omittec. because of the fear 
of masking signs of esophageal necrosis and 
mediastinitis. 

We plan to continue the use of the intralumi- 
nal esophageal stent in patients satisfying the 
criteria of severe esophageal burns without 
full-thickness necrosis. The stent device is in- 
expensive and constructed of readily available 
components. The procedure can be easily and 
rapidly performed, is wel! tolerated even by 
depressed or mentally disturbed patients, and 
appears to restore near normal function to the 
severely burned esophagus. Utilizing this ther- 
apy we hope to eliminate the need for 
esophageal reconstruction except in patients 
who demonstrate full-thicxness necrosis from 
the outset. 
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Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery now 
requires that candidates pass both the written 
and oral portions of the certifying examination. 

In 1979 only, the two parts of the examination 
were given together. The time and place was 
March 22-24, 1979, in Chicago, IL, and the 
closing date for registration was August 1, 1978. 

In 1980 and thereafter, a written examination 
will be given prior to the oral examination. It 


wil be necessary to pass the written examina- 
tion before the oral examination can be taken. 
Th2 closing date for registration is August 1, 
1979. The exact times and places of these ex- 
airinations will be announced later. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Road, Detroit, MI 48205. 


Tracheobronchial Ruptures 


due to Cuffed Carlens Tubes 


Natalino Guernelli, M.D., Romano B. Bragaglia, M.D., 
Antonio Briccoli, M.D., Mario Mastrorilli, M.D., 


and Roberto Vecchi, M.D. 


ABSTRACT At our institution in the past 22 years, 
more than 3,000 patients have undergone chest pro- 
cedures, and 2,700 of them were intubated with a 
cuffed Carlens endotracheal tube. In this paper we 
report on 5 patients with tracheobronchial ruptures 
caused by intubation with these tubes. We believe 
this hazard should be brought to the attention of 
physicians. 


Tracheobronchial ruptures are rare complica- 
tions of intubation with cuffed Carlens endo- 
tracheal tubes. Reference in the literature to 
these ruptures is scanty [1-4]. This is probably 
because they have not been described or diag- 
nosed very often, although some unexplain- 
able, inexhaustible pneumothoraces discovered 
in the immediate postoperative period could be 
due to this lesion. 

In our institute, more than 3,000 patients 
underwent a chest procedure during the period 
1956 to 1978, and in about 2,700 of them, a Car- 
lens tube was used. We observed tracheo- 
bronchial ruptures in 5 patients. Two were un- 
dergoing operation for bronchial adenoma, 1 
for lung cancer, 1 for chronic empyema, and 1 
for cancer of the lower thoracic esophagus. The 
most common site of rupture was the distal 
portion of the trachea and left main bronchus in 
the pars membranacea or at its junction with 
the pars cartilaginea. 

In this report we discuss briefly the causes of 
these lesions, their diagnosis and treatment, 
and, above all, the best ways to prevent their 


occurrence. Tracheobronchial ruptures are com- . 


plications that result from measures such as 
using an inadequate tube size, malpositioning 
the tip of the tube, or insufflating the balloon 
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too rapidly, which does not allow for adapta- 
tion of the tracheobronchial wall. These and 
other harsh maneuvers are all the more danger- 
ous in the presence of tracheomalacia. 

lracheobronchial lesions can be diagnosed 
during operation, as in 3 of our patients, or in 
the immediate postoperative period. Intraoper- 
ative diagnosis is made by careful inspection of 
the mediastinum when sudden insufficient 
ventilaton is detected or when steps such as 
hemostzsis or lymphadenectomy are performed 
in patients with cancer. Postoperative diag- 
nosis usually is done by bronchoscopy, which 
is indiceted whenever there is a serious persis- 
tent pneumothorax. Surgical treatment consists 
of closirg the lesion with interrupted sutures 
while keeping in mind the basics of tracheal 
operation. The Table summarizes the history of 
the 5 patients reported on here. 


Patient = 

A 57-year-old man came to our outpatient clinic 
after exp2riencing dysphagia for a month. After 
a roentgenographic series was made and after 
endoscopy was performed and biopsy speci- 
mens were studied, the diagnosis of carcinoma 
of the lower thoracic esophagus was made. The 
patient was intubated with a Carlens tube to 
exclude the left lung. The tumor was ap- 
proached through a left thoracotomy and 
laparotomy. A total gastrectomy with resection 
of 7 cm cf esophagus was performed, and the 
procedure ended with an esophagojejunoduo- 
denoplasty. The immediate postoperative pe- 
riod was complicated by intense dyspnea. 
Blood gas analysis revealed the following val- 
ues: Po,, 71 mm Hg; O; saturation, 80%; Pco;, 
70 mm Hg; pH, 7.21; base excess, —7 mEq/L.. 
A chest roentgenogram showed that the right 


^ lung was collapsed; the right chest was imme- 


diately drained and a waterseal was applied. 
Since the >neumothorax seemed inexhaustible, 


d] 
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Summary of Data for 5 Patients with Tracheobronchial Ruature 


Patient Date of Results 
No., Sex, Opera- Indication Sre of 
Age (yr) tion for Operation Operaticn Lesion Immediate Long-Term 
1. M, 57 7125/773 | Cancer of Total esophagectomy Right main Died of acute 
esophagus with coloplasty bronchus mediastinitis 
on postop. 
day 4 
2. FR, 23 3/6/73 Right bronchial Right superior L-wer trachea Good Alive and well 
adenome lobecomy with and left main 
plasty of main left bronchus 
bronchus 
3. M, 54 5/21/74 Right empyema Right Carina to Good Alive and well 
pleuropneu- superior left 
monectomy bronchus 
4. F, 63 122/75 = Right lung cancer Right pneumo- Left wall of lower Gocd Died 1 year 
nectcmy trachea postop. of 
cerebral 
metastasis 
5. F, 70 6/13/75 Right bronchial Right inferior Eight tracheo- Good Alive and well 
adenoma lobeccomy bronchial 
rupture 


bronchoscopy was performed, which showed 
that the tip of the Carlens tube had produzed a2 
cm laceration of the lateral wall of the main 
bronchus. Although an emergency repeir was 
carried out, the patient died of mediastinitis 
after four days. 


Patient 2 

A 23-year-old woman underwent operazion for 
bronchial adenoma of the right upp=r lobe 
bronchus involving the main bronchus. The 
procedure consisted of right superior lobec- 
tomy, with plasty of the main bronchus. At op- 
eration, the right upper lode bronchus was sec- 
tioned, sparing part of the anterior sezmental 
bronchus, which was to be used as a patch for 
the bronchoplasty. During sectioning of the 
bronchus, a serious ventilation insufficiency 
occurred, and we immediately did a thorough 
exploration of the mediastinum. Hidden be- 
hind the bronchus intermedius and coming 
out of a large rupture in the posterior trachea 
and left main bronchus was the ballocn of the 


Carlens tube. The left main bronchus was im- 


mediately intubated through the laceration to 
ventilate the left lung, and the planned proce- 
dure was carried out on the right lung. Dnce the 
plasty had been performed, the right bronchus 
was intubated per os and the laceration of the 


left bronchus was repaired with interrupted 
sutures. Bronchography two years after opera- 
tion showed a perfectly patent right tracheo- 
bronchioplasty with normal pulmonary expan- 
sior. The left tracheobronchial suture over the 
lace-ation had healed perfectly without stricture 
and irregularity of the bronchial wall. 


Patient 3 

A 54-year-old man was seen who, in 1947, 
uncerwent artificial pneumothorax for a tuber- 
culosis cavitation of the right lung, which led to 
a fiorothorax. A year before he came to our in- 
stitition, he began to cough small amounts of 
blood. The hemoptysis increased in intensity 
with time. A chest series showed a right 
chronic empyema, and, at bronchoscopy, blood 
was seen coming from the inferior right bron- 
chus. The programmed right pleuropneumo- 
nectomy was uneventful. However, at the end 
of hemostasis before the chest was closed, 
the balloon of the Carlens tube was seen com- 
ing from the left main bronchus through a 
wide laceration, which ran from the carina to 
the opening of the superior bronchus. The 
trecheóbronchial laceration was immediately 
su:ured. Twenty-five days later, the patient was 
sezn at'the outpatient clinic in satisfactory con- 
di-ion. 
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Patient 4 

A 63-year-old woman had a routine chest 
roentgenogram, which demonstrated a mass in 
the inferior right lobe. Bronchoscopy revealed a 
tracheobronchomalacia and the biopsy speci- 
men was described by the pathologist as 
adenosquamous carcinoma. The programmed 
pneumonectomy was very difficult to perform 
since there had been problems with intubation 
and the lung was not fully excluded. After 
pneumonectomy, the surgeon noticed that the 
tip of the Carlens tube had caused a laceration 
of the trachea, and repair was performed im- 
mediately. A control bronchoscopy showed the 
repair to be successful. The patient was dis- 
charged and led a normal life for a year. Then a 
cerebral metastasis caused her death. 


Patient 5 

A 70-year-old woman was referred to our in- 
stitute because of recurrent episodes of bron- 
chopneumonia. A chest series, bronchoscopy, 
and biopsy specimens revealed an endobron- 
chial adenoma (cylindroma) obstructing the pos- 
terior segmental bronchus of the right inferior 
lobe. Right inferior lobectomy was performed. 
The postoperative period was uneventful. A 
control bronchoscopy performed ten days later 
revealed a small right tracheobronchial lacera- 
tion probably caused by the tip of the Carlens 
tube. The laceration was managed conserva- 
tively. A very thin tube was positioned through 
a bronchoscope that had been passed through 
the trachea and was then carefully withdrawn, 
leaving the small tube with its tip in the lacera- 
tion and the other end coming out of the 


mouth. Another tube was passed through the 
nose and pulled out of the mouth. The ends of 
the two tubes were fixed together and the end 
of the positioned tube was gently pulled out of 
the nase. The end result was that a small tube 
was inserted into the laceration and came out of 
the nese. It was slowly withdrawn as healing 
progressed. 


Comment 

We draw the following conclusions from our 
limited experience in tracheobronchial ruptures 
from endotracheal intubation with Carlens 
tubes: Repair with interrupted sutures is suffi- 
cient. Postoperative bronchoscopy must be car- 
ried ort immediately whenever an unexplain- 
able, inexhaustible pneumothorax is observed. 
Repair must be performed as soon as the lesion 
is diagnosed. The incidence of lesions to the 
trachea and bronchi can be decreased further by 
avoiding harsh maneuvers, slowly insufflating 
the cuff, and never forcing a resistance en- 
countered during intubation. 
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Use of Activated Coagul 


ation Time 


to Monitor Heparin during Cardiac Surgery 


Jack A. Roth, M.D., Ramon A. Cukingnan, M.D., 


and Calvin R. Scott, B.S. 


ABSTRACT Activated coagulation time (ACT) for 
protamine reversal was monitored in 28 consecutive 
patients (Group 1) and a standard heparin-protamine 
protocol was used for an earlier series of 28 pztients 
(Group 2). Although Group 1 received a signifi-antly 
higher total heparin dose than Group 2 (p < 0.01), 
the protamine dose for reversal was significant-y less 
for the ACT group than for the controls (p « 0.2005). 
The mean ratio of protamine to total heparin was 1:1 
(range, 0.33 to 1.44) for the ACT group and 2:1 
(range, 1.42 to 2.59) for the controls. There were no 
significant differences between the two groups in 
operative and postoperative blaod loss, transfusion 
requirements, hematocrit, and partial thrombsplas- 
tin time. This study shows that the ACT test d d not 
reduce postoperative bleeding significantly when 
compared with our standard protocol. It also indi- 
cates that there is wide individual sensitivity to 
heparin and that significantly less protamine is re- 
quired for reversal. 


Anticoagulation with heparin and reversal with 
protamine comprise a standard procedure 
during cardiovascular operations. In most 
cases these agents are given according to fixed 
protocols. However, recent studies have Jem- 
onstrated that considerable individual variation 
exists in response to heparin so that fixed pro- 
tocols provide neither safe anticoagulation nor 
precise protamine neutralization [6]. Further- 
more, overheparinization and overprotamini- 
zation can lead to coagulation abnormalities [1, 
6, 10]. Tests to monitor heparin levels would, 
therefore, be useful in heparin administration 
and protamine reversal. 

The activated coagulation time (ACT) is a 
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simpE, rapid, reproducible test for monitoring 
heparin dosage and neutralization. Because of 
these advantages, its use during cardiopulmo- 
nary bypass has been advocated [3—6, 9, 11]. 
This study was undertaken to assess the effi- 
cacy of ACT in monitoring heparinization and 
protamine reversal in patients undergoing car- 
dioptimonary bypass. One group was moni- 
tored with ACT; the other received heparin and 
protamine according to a standard protocol. 
The two groups were compared in order to de- 
termine the effect of ACT monitoring on post- 
operative coagulation studies and postopera- 
tive Elood loss. 


Materials and Methods 

Fifty-zix consecutive patients undergoing car- 
diopuimonary bypass were studied. ACT was 
monitored in 28 consecutive patients (Group 1), 
and ia the 28 previous patients, heparin was 
administered by a standard protocol (Group 2). 
The mean age of Group 1 patients was 55 years 
and tnat of Group 2, 53 years. In Group 1, 25 
patients. underwent coronary artery bypass 
grafting and 3 had aortic valve replacement. In 
Group 2, 17 patients underwent coronary artery 
bypass grafting, 9 had aortic valve replacement, 
and 2 had mitral valve replacement. 

All of the patients underwent perfusion with 
the Clsen pump and Optiflow adult bubble 
oxygenator with integral heat exchanger during 
operadion. A 20-4 surgical filter was incorpo- 
rated in the arterial line. The prime for the 
pum consisted of 1.8 liters of Normosol (bal- 
anced salt solution), 75 gm of salt-poor albumin 
per liter, and 500 ml of blood with 2,000 units of 
heparin. Flow rates were calculated at 2.2 to 2.5 
liters per square meter of body surface area. 

ACT was measured in Group 1 patients using 
the technique described by Bull and colleagues 
[5]. A baseline ACT was drawn before the ad- 
minis-cration of heparin (point A). The patient 
was taen given heparin, 2 mg per kilogram of 
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Example of a heparin dose-response curve computed 
from activated clotting time (ACT) determinations. 
Point A represents baseline ACT; Point B is ACT as 
measured 5 minutes after administration of heparin; and 
Point C is ACT measured 8 minutes after administra- 
tion of heparin. 


body weight, and ACT was measured after 5 
minutes (point B). Both points were plotted on 
a graph, with ACT represented on the hori- 
zontal axis and milligrams per kilogram of 
heparin represented on the vertical axis (Fig- 
ure). The line was then extrapolated to deter- 
mine the dose of heparin necessary to prolong 
the ACT to 480 seconds, and this was adminis- 
tered (point C). A third ACT was measured 
after 5 minutes and subsequently at 60-minute 
intervals. The appropriate dose of heparin 
needed to return the ACT to 480 seconds was 
determined from the dose-response curve and 
then administered. At the conclusion of bypass 
the ACT was determined, and the equivalent 
heparin level was estimated from the dose- 
response curve. Protamine was administered at 
1.3 times the total amount of circulating hepa- 
rin. Beef lung heparin* was used at 100 units 
per milligram. 

For Group 2 patients heparin was given ini- 
tially at 2 mg per kilogram of body weight, and 
1 mg per kilogram was administered for each 
subsequent hour of bypass. At the termination 
of bypass, protamine was given at twice the 
total dose of heparin based on the half-life of 
heparin estimated at 1.5 hours. 

Coagulation studies including prothrombin 


"Upjohn Company, Kalamazoo, MI. 


time, partial thromboplastin time, and platelet 
counts were determined before operation, im- 
medietely following operation, and on the first 
posto»erative day. Drainage from the subster- 
nal ar.d pericardial tubes was measured hourly 
unti] -he tubes were removed. 


Results 
There were no significant differences in the 
preoperative coagulation studies between the 
two groups of patients (Table 1). The mean 
bypass time for Group 1 patients was 87 + 6 
minutes and for Group 2, 91 + 5 minutes. 
Table 2 compares the heparin and. protamine 
dosagss received by each group. The initial 
dose of heparin was comparable for both 
groups. However, Group 1 patients received a 
signit.cantly higher total dose of heparin than 
those of Group 2. In spite of the higher total 
dose of heparin, Group 1 patients were given a 
signif-cantly smaller dose of protamine based 
on the ACT. The ratio of heparin to protamine 
was 1:1 for Group 1 and 2:1 for Group 2 pa- 
tients. The ACT group demonstrated consider- 


Table 1. Comparison of Preoperative Coagulation 
Profiles between Groups 1 and 2 (+ SEM) 


Group 1 Group 2 
Study (N = 28) (N = 28) 
Hematocrit (%) 43+ 1 40+ 1 
Prothrombin time (%) 92+ 2 91+ 4 
Partial thromboplastin 25 + 12 oo d 
time (sec) 
Platelets (mm?) 199 + 13 191 + 14 
SEM = standard error of the mean. 
Table 2. Comparison of Mean Heparin 
and Protamine Dosages Received 
by Groups 1 and 2 (+ SEM) 
Dosage Group 1 Group 2 
Initial heparin dose 2.59 £0.18 2.00 
(mg per kg) 
Total Feparin dose 3.10 285:0.15* 72.55. 5 0.15 
(mg per kg) | 
Protamine dose 3.07 + 0.29? 4.96 + 0.28 
(mg per kg) 
Protamine: heparin 0.99 1.94 


8p < 0.21. 


SEM = standard error of the mean. 


A 
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Table 3. Intraoperative and Postoperative Bwod 
Loss and Transfusion for Groups 1 and 2 (+ SEM) 


Factor Group 1 Group 2 

Intraoperative blood 234+ 53 309 + 93 
transfusion (ml) 

Intraoperative blood 688 + 67 7314 76 
loss (ml) 

Postoperative bleeding Z703t. 99 763 t 111 
(24 hr) (ml) 

Postoperative blood 648 + 146 679 + 154 


transfusion (ml) 


SEM = standard error of the mean. 


Table 4. Comparison of Postoperative Coag «lation 
Profiles between Groups 1 ard 2 (+ SEM) 


Study Group 1 Croup 2 


Immediate postoperative coe TL el 
hematocrit (%) 

Prothrombin time (%) 

Partial thromboplastin 
time (sec) 

Platelets (mm?) 


Discharge hematocrit (%) 


51+ 5 S37 + 4 
43+10 40+ 3 


101 + 15° “139 = 15 
Som To Sl 


ap « 0.01. 


SEM = standard error of the meen. 


able individual variability in the ratio af prot- 
amine to heparin, ranging from 0.:3:1 to 
1.44:1. 

Table 3 compares intraoperative and post- 
operative blood loss between the two groups of 
patients. No significant differences were noted 
in intraoperative or posioperative measured 
blood loss. There were no significant veriations 
in the amount of blood transfused during or 
after operation. 

The postoperative coagulation stucies are 
shown in Table 4. Group 1 patients had signifi- 
cantly more prolonged prothrombin times and 
lower platelet counts than those in Grot p 2, but 
there were no other significant differences in 
coagulation studies. 


Comment 

Although heparinization with protamine rever- 
sal is used routinely during cardiopulmonary 
bypass, the dosage of each drug is rot stan- 
dardized. The use of fixed protocols -o deter- 


mine dosage can be misleading because of vari- 
ations in individual sensitivity to heparin [5]. 
Overheparinization or administration of an 
inadequate protamine dose can precipitate 
bleecing following cardiopulmonary bypass 
[10]. Protamine can also cause coagulation de- 
fects. Moreover, protamine can act as an anti- 
thromboplastin, producing a deficiency in factor 
VIL a decrease in fibrinogen, and throm- 
bocy-openia. A more precise regulation of 


. doses of heparin and protamine might prevent 


these effects. 

Sezeral coagulation tests have been used to 
mon.tor circulating heparin levels, but they are 
difficult to use clinically and cannot be repro- 
duced well. The ACT, as described by Hattersly 
[7], 1s a rapid, reproducible test for monitoring 
circulating heparin. Several investigators have 
usec it to monitor heparin levels and protamine 
reversal during cardiopulmonary bypass [3, 4, 
8, 9, 11]. Results indicate that ACT is useful in 
moritoring heparin levels. We found, as did 
Bull and associates [5], that individuals varied 
considerably in their response to heparin. AI- 
though more heparin was given to Group 1 pa- 
tients, the dose of protamine, as determined by 
ACT, was half that of patients given protamine 
by our standard protocol. Babka and co- 
workers [3] and Verska [11] noted that less prot- 
amine was required when the ACT was 
util.zed. However, bleeding did not differ sig- 
nificantly between Groups 1 and 2 in our study. 
Batka and colleagues [3] and Verska [11] ob- 
served significantly less bleeding in their re- 
spective study groups monitored by ACT com- 
pared with a group receiving a fixed dosage of 
herarin and protamine. This discrepancy might 
be explained by the higher doses of heparin 
received by their control groups compared with 
our patients. Alternatively, estimation of cir- 
culating heparin by half-life calculations may 
be as accurate as the ACT, as suggested by the 
data of Arkin and associates [2]. Other factors 
such as shorter cardiopulmonary bypass time 
and the achievement of meticulous hemostasis 
mizht be equally important in preventing sig- 
nificant postoperative bleeding. 

ACT appears to be a useful test for regulating 
the administration of heparin and protamine. 
Lower dosages of protamine than those usually 
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given are adequate to neutralize circulating 
heparin at the conclusion of cardiopulmonary 
bypass. Routine use of ACT prevents the ad- 
verse effects of overheparinization and excess 
protamine. 
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Editor’s Note 


Activated clotting time does not measure heparin 
alone and is, more or less, an overall assay of all 
coagula:zion factors, including platelets. Failure to 
recognize this can mislead the surgical team into be- 
lieving that prolonged values are always the result of 
heparin. and, as a consequence, protamine sulfate is 
administered when the abnormality is secondary toa 
deficienzy of plasma clotting factor or platelets. Dis- 
astrous -esults can develop as the protamine sulfate 
concentration exceeds that of heparin and begins to 
act as an anticoagulant. Some evidence of heparin 
activity should be established by a more specific 
assay or by demonstration of correction in vitro with 


protamine sulfate. 
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PULSE GENERATORS 


INDICATIONS FOR USE Implantable cardiac pulse genera- 
tors may be indicated for long-term treatment of impulse 
formation or conduction disorders resulting in symp- 
tomatic bradyarrhythmias, tachyarrhythmias, and heart 
block unresponsive to drug therapy. 

PRECAUTIONS Implanted pacemakers have a finite and 
relatively wide variable service life as a result of factors 
such as the initial capacity of the battery and the shelf 
storage time of the manufactured pacemaker, variations 
in electrode system resistances, stimulation rate, and the 
percentage of time the implanted pacemaker is inhibited; 
and random electronic component failures. 

Pacemaker operation can be influenced by electric, 
magnetic, or electromagnetic energy mimicking normal 
cardiac activity. In addition, certain environmental 
sources can couple sufficient energy into a pacemaker sys- 
tem to damage the pulse generator. Specifically, diathermy 
should not be used on pacemaker patients because of 
possible total inhibition of the pulse generator; elec- 
trocautery can inhibit and/or damage the pacemaker as 
well as cause burns or possible ventricular fibrillation; 
defibrillation can damage the pacemaker, and the pres- 
ence of the pacemaker may cause increased cardiac 
muscle damage from defibrillation. Certain electrical and 
gasoline-powered appliances can cause inhibition of an 
implanted cardiac pacemaker system. 

For complete precautions, see the Physician's Manual for 
the Intermedics cardiac pulse generator to be used. 
CONTRAINDICATIONS AND SIDE EFFECTS There are no 
known contraindications to the use of pacemakers as a 
medical method for control of heart rate. Body rejection 
phenomena, local tissue reaction or skin necrosis, muscle 
and nerve stimulation, embolism, and cardiac tamponade 
have been reported. 
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P.O. Box 617 Freeport, Texas 77541 


How CPR training 
helps business. 


CPR—cardiopulmonary 
resuscitation training is one 
of the valuable assets an 
employee can have. 

If even one employee has 
this training, (which is avail- 
able from Red Cross), every 
other co-worker benefits. 
Everybody can breathe easier 
knowing that in the event of 
a cardiac arrest, help is 
immediately available. 

Why not set up a goal 
for your company. . . so many 
employees with CPR training 
per floor—or area? 

It's easy to do. Call your 
Red Cross Chapter. . . they'll 
be glad to help you do it. 

CPR training from 
Red Cross is one way you can 
help your company be ready. 
And a way you can help keep 
Red Cross ready, too. 





Keep Red Cross ready. 
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InterLith-RP. The reliable response to changing 


rate requirements. 


Now InterLith-RP combines a fail-safe rate program- 
ming system with the pacemaker reliability that has 
established Intermedics as a leader in the pacemaker 
industry. 

With a cumulative survival rate at twenty months of 
99.7%, the outstanding reliability of the InterLith-RP is 
supported by Intermedics' Patient Lifetime Replacement 
Agreement. 

AllInterLith-RP components are selected for superior 
longevity and high reliability. This rate-programmable 
pacemaker employs the same dependable CMOS cir- 
cuitry and lithium-iodine power source which have prov- 
en successful in other Intermedics pulse generators. 

The InterLith-RP combines rate programmability with 
Intermedics pacemaker reliability to give you control 
and confidence in your heart pacing decisions. 

Reliability is just one important reason to put your 
confidence in the InterLith-RP 


InterLith® is a registered trademark of Intermedics, Inc., Freeport, TX. 
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A durable, custom-designed Library Case or Binder will protect your 
copies of THE ANNALS OF THORACIC SURGERY from loss and 
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you conserve valuable space and reduce clutter. Both the case and the 
binder come in handsome maroon simulated leather, with an 
embossed spine in 16-K gold lettering for maximum legibility. Scuff- 
resistant and washable, each includes gold transfer so you can print the 
volume and year. 


Order your Library Case or Binder for THE ANNALS OF THORACIC 
SURGERY by simply mailing the cou- 
pon opposite with your check, specify- 
ing with your order which style anc 
size you prefer. Satisfaction is uncondi- 
tionally guaranteed or your money 








To: Jesse Jones Box Corp. 
P.O. Box 5120 Dept. ATS 
Philadelphia, PA 19141 


My check or money order for 


$ | . jsenclosed. Please send 
me: 
[] THE ANNALS OF THORACIC 


SURGERY Binder(s), for issues from 
January, 1976 to present. Each binder 
holds 12 issues. Prices: $6.50 each; 

4 for $25.00. 


[]THE ANNALS OF THORACIC 
SURGERY Case(s) for issues from 
January, 1976 to present. Each case 
holds 12 issues. Prices: $4.95 each; 
3 for $14.00; 6 for $24.00. 


[] THE ANNALS OF THORACIC 
SURGERY Case(s) for issues prior to 
January, 1976. Each case holds 12 
issues. Prices: $4.95 each; 3 for 


back. 
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(The prices above include postage and handling 
within the United States; make checks payable 
to Jesse Jones Box Corp.). For all orders out- 
side the United States, please add $1.00 per 
unit. 











an over-the-counter remedy for ailing prose. . . 


WHY NOT SAY IT CLEARLY is unlike any other book 
on writing. 

It's not dull! 

It doesn't list grammatical rules. 

It doesn't hand down a verdict on a sentence or its 
construction and leave you to figure out how to 
improve it. 


Every criticism Dr. King makes is explained and 
illustrated. WHY NOT SAY IT CLEARLY provides 
hundreds of examples from medical and scientific 
literature, shows you what is wrong, suggests 
improvements, and lets you judge the revision. 


WHY NOT SAY IT CLEARLY sensitizes you to bad 
writing so that you can make your writing smooth and 
clear. Dr. King also gives hints on how to begin 
writing, how to overcome writer's block, how to deal 
with the ordinary frustrations of the creative process, 
and how to revise and edit. And no one could be 
better qualified to advise you than Lester S. King. His 
book rests on 16 years of editorial experience with 
the Journal of the American Medical Association. 


A GUIDE TO 
SCIENTIFIC WRITING 
By Lester S. King, M.D., 


former Senior Editor and later i It izi à; 
Contributing Editor, Journal of the = The critical awareness that this book can help you to 
American Medical Association i Clea develop is worth much more than the $5.95 WHY 
; NOT SAY IT CLEARLY costs. Order your copy on . 
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186 pages. Little, Brown and Company 
Paperback, #493465, Medical Division 
$5.95 200 West Street 
Waltham, MA 02154 
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Several years ago, we introduced the Datascope 
System 80 Intra-Aortic Balloon Pump. Since that 
time it has proven itself to be the most reliable system 
in the world. 

We just improved on it. With the new Datascope 
System 82. 

The System 82 is dramatically simpler to 
understand and to operate. Setting two prominent 
slide controls is essentially all that is needed for 
proper adjustment. 

To test its simplicity, we gave it to nurses who had 
never seen it before. With no instruction whatsoever, 
they were able to understand and adjust each control. 

The System 82 is 50% quieter than its predecessor. 

It utilizes a revolutionary Electrosurgical 
Interference Suppression Module, ESIS. In most 
cases, this device virtually eliminates RF 

ÁAinterference due to electrocautery. Which means a 
more reliable triggering signal. 

We've also improved the monitor itself. We made 
it non-fade. Which gives it a clearer, more effective 
display. So you not only get a better display of patient 
data, but also of system control signals. 

But we didn't change everything. We've kept 
many of the things that made our System 80 so 
successful. 

We haven't changed the unique Datascope 
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CONTROL 
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Dual-Chamber Balloon. * In tens of thousands of 
operations, it has demonstrated that it is not only 
highly dependable, but exceptionally easy to insert. 

Our System 82 is still highly portable and can be 
operated both from AC line power and battery power. 
And optional instruments such as the EVR Cardiac 
Monitor, the 721A Single-Channel and the 740 
Dual-Channel Recorders can be used with it. 

And the new System 82 still allows you to use the 
Datascope Pulsatile Assist Device, PAD® ** The 
first and most widely used clinical device to produce 
both pulsation and counterpulsation in cardiac 
surgery. 

Even with its exceptional reliability, it’s good to 
know that the System 82 has service facilities across 
the U.S. capable of responding to an immediate 
service need within hours and capable of providing a 
comprehensive preventative maintenance and 
service program as well. 

For more information about the new Datascope 
System 82, write: Datascope Corp., Box 5-N, 
Paramus, N.J. 07652, Tel. (201) 265-8800. Or write 
Datascope B.V., Post Bex 26, 3870 CA, 
Hoevelaken, Holland. 


The Datascope System 82 





*U.S. Patent Number 3,692,018 **U.S Patent Number 4,080,958 
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After nine years and thousands of procedures, 
= PROLENE suture continues to prove its clinically important 

— —  .... qualities and characteristics: Monofilament smoothness, 

CHI strength, pliability, knot se urity and resistance to 

B ev fatigue-induced fracture. i rt PROLENE suture induces 
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o prolonged implantation e en in the presence of infection. 
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eee ort biological inertness, it is recommended for use where the least poss ble suture reaction is desired. As a true monofilament, PROLENE Polypropylene Suture, U.S. P. 
—.' resists involvement in infection and has been successfully em Am in contaminated and infected wounds to eliminate or minimize later sinus formation and suture 


[A 2 i extrusion. Because of its lack of adherence to tissue, PROLE | 
|... There are no known contraindications. WARNINGS — Unused PRO Polypr 
no more than three times by the IONS autoclaving method (250°F for 3 


. resterilized by steam autoclave. PRECAUTIONS — As with other synthetic sutures. knot security requires the standard surgical technic of flat an 


E ond het Suture, U.S.P.. is efficacious as a pull-out suture. CONTRAINDICATIONS — 
N Sal Sutures which have been removed from their package maybe resterilized 
minutes) without loss of strength. Unopened suture por es should not be 


E a additional throws if indicated a surgical circumstance and the experience of the operator. ADVERSE REACTIONS — Transitory local inflammatory reactions 
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Prolonged Intraaortic Balloon Pumping in Klebsiella- 
Induced Hypodynamic Shock: Cardiopulmonary, 
Hematological, Metabolic, and Pathological Observations 


Arthur J. Roberts, M.D., Eddie L. Hoover, M.D., Daniel R. Alonso, M.D., 
John R. Combes, M.D., Peter Dineen, M.D., William A. Gay, Jr., M.D., 


and Valavanur A. Subramanian, M.D. 


ABSTRACT We tested the hypothesis that in- 
traaortic balloon pumping (IABP) might improve the 
cardiorespiratory, metabolic, and hematological re- 
sponses of 20 mongrel dogs (10 IABP-treated, 10 
controls) during 24 hours of live Klebsiella 
aerogenes—induced sepsis. At 24 hours after bacterial 
infusion, left ventricular stroke work was better pre- 
served in the IABP-treated group of animals, 36.6 
+ 3.3 gm-m (minus 25.4% of baseline value), com- 
pared with controls, 23.5 + 4.2 gm-m (minus 50.1% of 
baseline value) (p < 0.01). Myocardial performance 
curves constructed 24 hours after Klebsiella infusion 
were also better in the IABP group (p « 0.01). 

Severe tissue damage was observed in the liver 
and small bowel of the control animals, while rela- 
tively less injury was seen in these organs in the 
IABP-treated group. Metabolic acidosis was also 
more marked in control animals compared with 
IABP-treated animals following Klebsiella infusion. 
In addition, the initial decrease in white blood cell 
count following bacterial administration was fol- 
lowed by a later increase in circulating leukocytes 
only in IABP-treated animals. Electron microscopic 
studies of the left ventricle showed only minor in- 
tracellular edema in both experimental groups, 
while left ventricular high-energy phosphate stores 
were maintained at similar levels in both groups. 

These findings suggest that the early institution of 
IABP may play an important palliative role in the 
treatment of hypodynamic gram-negative sepsis. It 
can be speculated that IABP provides additional 
time during which more specific therapy, including 
appropriate antibiotics, can be instituted in an effort 
to control the disease process before the develop- 
ment of irreversible cellular destruction. 


From the Departments of Surgery and Pathology, the New 
York Hospital—Cornell Medical Center, New York, NY. 


Accepted for publication Nov 8, 1978. 


Address reprint requests to Dr. Roberts, Northwestern 
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Gram-negative septicemia continues to be a se- 
rious clinical problem, despite improvements 
in patient monitoring, aggressive surgical 
drainage for localized abscess formation, and 
specific antibiotic therapy. Recent reports have 
estimated that 70,000 to 100,000 fatalities a year 
in the United States are caused by septic shock 
[18, 27] and that the mortality from dissemi- 
nated infection remains between 60 to 7096 
[43]. 

Pathophysiological mechanisms involved in 
the development of experimental septic shock 
have been studied extensively [20, 29, 32], but 
the results of these investigations are contro- 
versial [17, 40]. In addition, pharmacological 
treatment of experimental septic shock, in- 
cluding the use of corticosteroids, has not been 
uniformly successful in reducing hemodynamic 
abnormalities or eventual mortality associated 
with sepsis [16, 39]. 

Recent attempts at prolonged circulatory as- 
sistance (12 to 24 hours) with a pulsatile pump 
in combination with a membrane oxygenator 
have been unsuccessful in improving hemo- 
dynamics or increasing survival in experi- 
mental sepsis [10, 34]. However, the clinical 
use of intraaortic balloon pumping (IABP) in 5 
patients with septic shock suggested that pa- 
tients with low cardiac output and decreased 
peripheral perfusion might be helped by me- 
chanical assistance [13]. 

IABP has been shown to increase coronary 
perfusion [41] and improve left ventricular 
performance [33] under certain experimental 
concitions. We demonstrated previously that 
experimental Klebsiella aerogenes septicemia is 
associated with severe hemodynamic depres- 
sion [22]. The purpose of the present study was 
to determine if IABP might be beneficial in al- 
leviating the adverse biological effects of Kleb- 
siella sepsis. 
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Methods 

Experiments were performed on 20 adult mon- 
grel dogs of either sex, weighing between 18 
and 22 kg (average weight, 20.4 kg). The ani- 
mals were anesthetized with sodium pentobar- 
bital, 25 mg per kilogram of body weight, and 
an endotracheal tube was inserted. Artificial 
ventilation was maintained continuously by a 
Harvard respirator with room air at a tidal vol- 
ume of 12 to 15 ml per kilogram and a respi- 
ratory rate of 15 breaths per minute. Periodic 
hyperventilation with the use of an Ambu bag 
was performed regularly to prevent excessive 
atelectasis. Additional anesthesia was ad- 
ministered only if an animal demonstrated 
visible movements of the head and limbs and 
only in minimal amounts since too much anes- 
thesia might have altered the animal's car- 
diovascular status. 

Rigid polyethylene catheters were inserted 
into the right atrium and upper thoracic aorta 
and a 7F flow-directed thermistor-tipped 
catheter was passed into the pulmonary artery. 
Phasic and mean pressure measurements of 
aortic, right atrial, pulmonary artery, and pul- 
monary capillary wedge waveforms were per- 
formed using Statham P23Db transducers con- 
nected to a multichannel DR-8 Electronics for 
Medicine recorder. Cardiac output was deter- 
mined by the thermodilution technique [42] and 
integration of the resulting temperature curves 
was carried out automatically by a commercially 
available computer." 

Derived hemodynamic variables were calcu- 
lated as follows: systemic (SVR) and pulmonary 
vascular resistances (PVR) were expressed in 
dyne/sec/lcm "^. SVR = (AP — RAP)/CO and PVR 
= (PAP — PCWP)/CO where AP = mean sys- 
temic arterial pressure; RAP — mean right atrial 
pressure; PAP = mean pulmonary artery pres- 
sure; PCWP = mean pulmonary capillary wedge 
pressure; and CO - cardiac output in liters per 
minute. Left ventricular (LVSW) and right ven- 
tricular (RVSW) stroke works in gram-meters 
were calculated as follows: LVSW = SV(AP 
— PCWP) x 0.0144, and RVSW = SV(PAP 
— RAP) x 0.0144 where SV = stroke volume. 
The PCWP and RAP were considered to 
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be representative of left and right ventricular 
filling pressure, respectively. 

Multiple blood samples were obtained before 
and at regular intervals after Klebsiella infu- 
sion. Arterial blood was analyzed for pH and 
partial pressure of carbon dioxide (Pco;) and 
oxygen (Po,) on an Instrumentation Labora- 
tories blood gas analyzer and pH electrode. 
Arterial serum lactate levels were determined 
from commercial kits* and processed in a Du- 
pont clinical analyzer by a modification of a 
method of Marbach and Weil [26]. Total serum 
carbon dioxide (CO,) was calculated by the 
Technicon stat-ion processor using a platinum 
electrode [38], and complete blood counts in- 
cluding hematocrit, white blood cell count 
(WBC), and platelets were quantitated by a 
Coulter Counter Model SSR. Body core temper- 
ature was continuously monitored from a ther- 
mistor near the tip of the flow-directed catheter 
in the pulmonary artery. 

After obtaining baseline hemodynamic, ven- 
tilatory, metabolic, and hematological data, all 
animals were infused with a total of 2 X 10" per 
kilogram of live Klebsiella aerogenes organisms 
administered in two equally divided doses over 
5-minute periods separated by 30 minutes. This 
bacterial insult was selected by a trial and error 
process in preliminary experiments which 
showed that a sublethal but hemodynamically 
significant depression in cardiovascular per- 
formance was consistently observed after Kleb- 
siella was infused as described. The Klebsiella 
organisms were grown in trypticase soy broth 
for 24 hours. Then, the culture was centrifuged 
and the supernatant was discarded. The bacte- 
rial cells were suspended in saline solution and 
recentrifuged and resuspended. One-milliliter 
aliquots from each tube were plated on trypti- 
case soy agar by serial dilution to enumerate the 
number of colonies. The specimens of Kleb- 
siella aerogenes suspended in saline solution 
were then frozen. For each animal experiment, 
two test tubes were thawed gradually and 
aliquots were plated to check viability. It was 
found that this technique gave a consistent 2 X 
10'° per milliliter of dilution of the organisms, 
all of which emanated from one original culture. 


*Boehringer-Mannheim Corporation, Tarrytown, NY. 


75 Roberts et al: IABP in Klebsiella-Induced Shock 


All blood samples were repeated at 10 min- 
utes and 1, 5, and 24 hours following live Kleb- 
siella infusion. Hemodynamic measurements 
were repeated at 10 and 40 minutes after the 
initial bacterial infusion as well as at 1, 2, 3, 4, 
5, 10, 15, and 24 hours after infusion. In at- 
tempts to prevent severe intravascular volume 
depletion, right atrial pressure was maintained 
at each animal's baseline level (range, 2 to 6 mm 
Hg) by intravenous administration of Ringer's 
lactate solution. Right atrial pressure was con- 
sidered an adequate and commonly available 
means to assess the maintenance of central 
blood volume in IABP-treated and control ani- 
mals and it was thought that significant volume 
depletion in either group should be avoided 
so that hemodynamic comparisons between 
groups would not be biased by differences in 
volume status. However, changes in preload, 
during the evaluation of left ventricular func- 
tion, were assessed only by left ventricular 
filling pressure, which was continuously moni- 
tored in both groups during the experiment. 

All animals in this study showed a marked 
depression of cardiac output and systemic 
blood pressure 10 minutes after the onset of 
bacteremia; this was followed by partial 
hemodynamic recovery which reached a pla- 
teau 50 minutes later. On the basis of this repro- 
ducible pattern, 1 hour after the initial infusion 
of Klebsiella, a sufficiently well-defined in vivo 
bacteria-host interaction was thought to have 
occurred and animals were then randomized 
into either the control (N = 10) or IABP-treated 
(N = 10) group. In those animals receiving 
IABP, a catheter-mounted Avcothane intraaor- 
tic balloon,* 20 cm long and 1.1 cm in diameter, 
was introduced through the right femoral artery 
and advanced in a retrograde fashion into the 
upper thoracic aorta. The balloon was inflated 
with 8 to 10 cc of helium using the model 
IABP-7 Avco balloon pump console. Accurate 
synchronization of balloon inflation and defla- 
tion was accomplished by observing the arterial 
pressure waveform proximal to the balloon. The 
experimental group was treated with balloon 
pumping without interruption from its intro- 
duction 1 hour and 15 minutes after the admin- 


* Avco-Everett Research Laboratory, Everett, MA. 


istration of live Klebsiella until the termination 
of the experiment at 24 hours. The control 
group was not treated with balloon pumping. 
Anticoagulation was not used in either the 
IABP or control group. 

Before the dogs were killed following 24 
hours of Klebsiella sepsis, a median sternotomy 
was performed and the heart was loosely sus- 
pended in a pericardial cradle. A polyethylene 
catheter was inserted into the left atrium 
through the atrial appendage and low molecular 
weight dextran (Rheomacrodex) was infused 
incrementally in order to construct in vivo ven- 
tricular performance curves. The colloid solu- 
tion was administered over approximately 30 
minutes to elevate mean left atrial pressure to a 
maximum of 15 mm Hg. 

After volume loading, transmural myocardial 
biopsy specimens were taken from the apex of 
the left ventricle and rapidly immersed into liq- 
uid nitrogen for the determination of levels of 
adenosine triphosphate (ATP), creatine phos- 
phate (CP), and glycogen using standard tech- 
niques [3], which have been previously em- 
ployed in our laboratory [14]. In addition, a 
transmural portion of left ventricular myocar- 
dium was obtained from the beating heart for 
electron microscopic analysis. A small piece of 
left ventricular muscle was rapidly processed by 
immersion-fixation in 6% glutaraldehyde in 
0.1 M cacodylate buffer. After 3 to 4 hours of 
fixation, the specimen was washed in several 
changes of 4% sucrose in 0.1 M cacodylate buf- 
fer. Tissues were postfixed with cold 1% os- 
mium tetroxide in cacodylate buffer for 1 hour, 
dehydrated in graded solutions of ethanol, and 
embedded in Epon according to the method of 
Luft [25]. For purposes of orientation, 0.5 yu 
sections were cut with an LKB Ultratome III, 
stained with alkaline toluidine blue, and ex- 
amined by light microscopy. Areas containing 
longitudinally cut myofibrils were selected for 
further examination. Ultrathin sections ob- 
tained from these areas were stained with 
aqueous uranyl acetate and lead citrate and ex- 
amined with an RCA EMU-3G or Siemens EI- 
miskop I electron microscope. 

The animals were then given an overdose of 
pentobarbital, and postmortem examinations 
were performed. Tissue samples were taken 
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from upper and lower lobes of the lungs, the 
free wall of the left ventricle, both kidneys, the 
liver, and the small intestine for light micro- 
scopic studies. Specimens were fixed in 10% 
formalin, embedded in paraffin, and stained 
with hematoxylin and eosin. 

Data obtained from these experiments were 
analyzed using the appropriate Student’s t test, 
and p values < 0.05 were considered to be sig- 
nificant. Individual values in the text, tables, 
and diagrams are expressed as mean + stan- 
dard error of the mean. 


Results 

Hemodynamic changes associated with Kleb- 
siella sepsis are shown in Figure 1. Ten minutes 
after the initial infusion of live Klebsiella 
aerogenes, mean aortic pressure and cardiac 
output decreased nearly 50% in both control 
and IABP groups. The second dose of bacteria 
was associated with no further hemodynamic 


Fig 1. Hemodynamic assessment of the effects of 
Klebsiella-induced septicemia on control and IABP- 
treated animals. 


No 1 July 1979 


impairment. The initial Klebsiella-induced 
hemodynamic depression was followed by 
partial recovery at 1 hour, to 75% and 70% of 
baseline aortic pressure and cardiac output, re- 
spectively, in both groups, following volume 
expansion with Ringer's lactate solution to 
maintain right atrial pressure at baseline levels. 
Prior to balloon pumping, 1 hour and 15 min- 
utes after Klebsiella infusion, there were no 
differences between the control and IABP- 
treated groups in any of the recorded hemo- 
dynamic variables. After the institution of 
IABP, the earliest hemodynamic difference 
between the two groups was noted at 5 hours 
when left ventricular filling pressure was 
higher in the control animals (4.4 + 0.7 vs 2.9 + 
0.5 mm Hg, p « 0.05). From 5 to 24 hours after 
bacteremia, IABP-treated animals showed rela- 
tively stable hemodynamic performance, while 
control animals displayed progressive depres- 
sion in cardiac function associated with de- 
creases in heart rate, cardiac output, and mean 
aortic pressure, and elevations in systemic and 
pulmonary vascular resistances. Twenty-four 
hours following Klebsiella infusion, left ven- 
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tricular stroke work was 36.6 + 3.3 gm-m in the 
IABP group compared with 23.5 + 4.2 gm-m in 
controls (p < 0.01), and right ventricular stroke 
work was similarly elevated in IABP-treated 
animals, 2.8 + 0.5 gm-m compared with 1.6 + 
0.3 gm-m (p < 0.05) in controls. Similarly, 
systemic vascular resistance was elevated at 24 
hours in the controls, 5,222 + 770 dyne/sec/cm ? 
compared with 3,281 + 245 dyne/sec/cm ? in the 
IABP group (p « 0.001). Mean pulmonary ar- 
tery pressure was essentially unchanged from 
baseline value in either group and remained 
similar between groups throughout the ex- 
periment. Heart rate progressively decreased in 
control animals and at 24 hours was 111 + 12 
beats per minute compared with 149 + 11 beats 
per minute in IABP-treated animals (p « 0.01). 
Stroke volume remained similar between 
groups until 24 hours after bacteremia, when 
the animals subjected to balloon pumping had a 
higher value (20.5 + 1.1 vs 13.1 + 20 ml, p < 
0.05). 

Analysis of changes in arterial blood gases, 
total serum CO,, and lactate levels before and 
up to 24 hours following Klebsiella infusion is 
shown in Figure 2. Although pH was less in the 
control dogs compared with the IABP-treated 
dogs at 24 hours (7.29 + 0.05 vs 7.39 + 0.02, p < 
0.025), Po, was not significantly different (104 
+ 4 vs 98 + 5 mm Hg). The changes in Pco, 
were also similar between the two groups, but 
both groups showed a decrease in Pco, with 
the maximal decrease compared with baseline 
levels observed 5 hours after bacteremia (from 
36.4 + 1.0 to 31.6 + 0.9 mm Hg in controls, p < 
0.05, and 37.2 + 0.9 to 32.1 + 0.8 mm Hg 
with IABP, p < 0.05). In addition, serum arte- 
rial lactate levels were higher and total serum 
CO, levels were lower in the control group than 
in the IABP group at 24 hours: 35.5 + 7.4 mg per 
100 ml compared with 16.6 + 4.4 mg per 100 ml 
(p < 0.01) and 15.4 + 1.5 mEq/L compared with 
18.5 + 0.6 mEq/L (p < 0.05), respectively. 

Complete blood counts revealed an immedi- 
ate decrease in the WBC and platelets in both 
groups after Klebsiella infusion (Fig 3), fol- 
lowed by a partial recovery of platelet count in 
both groups to 54% of baseline levels at 24 
hours. Conversely, only IABP-treated animals 
were able to increase the WBC in response to 
the bacteremia, reaching a maximum at 24 
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Fig 2. Changes in arterial blood gases, total carbon 
dioxide (CO,), and lactate levels in control and LABP- 
treated animals subjected to live Klebsiella organisms. 
(Po, = partial pressure of oxygen; Pco, = partial 
pressure of carbon dioxide.) 
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Fig 3. Serial measurements of hematological factors in 
Klebsiella septicemia. Comparison of IABP and control 
groups. 
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Fig 4. Core temperature determinations in IABP and 
control groups during Klebsiella aerogenes septicemia. 


hours: 19,900 + 4,123/cm? compared with 
5,600 + 1,110/cm? in controls (p < 0.001). 
Hematocrit levels decreased in both groups but 
were lower in the control dogs 24 hours post in- 
fusion (35.4 + 1.5 vs 40.6 + 1.7, p « 0.05). The 
fall in hematocrit was associated with a greater 
amount of intravenously administered Ringer's 
lactate necessary to maintain the baseline right 
atrial pressure in control animals compared 
with IABP-treated animals (230 + 26 vs 146 + 14 
ml per hour, p « 0.001). 

Body core temperature recordings reflected 
an inability to maintain body heat in control 
animals (Fig 4). Central blood temperature fell 
progressively in control animals after the first 
hour, reaching the lowest level at 24 hours, 31.7 
+ 0.8°C in contrast to 35.2 + 0.9°C in the IABP 
group (p < 0.01). IABP-treated animals showed 
a decline in body temperature for the initial 5 
hours, but they were able to increase body 
temperature modestly over the next 19 hours, 
reaching a maximum of 35.4°C at 15 hours after 
Klebsiella infusion. 

Before the animals were killed, left ventricu- 
lar performance curves were constructed during 
volume expansion with low molecular weight 
dextran (Fig 5). Control animals were unable to 
increase cardiac output in response to increas- 
ing preload, while IABP-treated animals did re- 
spond with an increase in stroke work. At a 


mean left atrial pressure of 9.5 mm Hg, left 
ventricular stroke work was increased 47% 
from the level recorded before infusion of dex- 
tran in IABP dogs compared with a 396 increase 
in controls (p « 0.05), while a mean left atrial 
pressure of 13.5 mm Hg was associated with a 
67% increase in the IABP dogs compared with a 
3% increase in controls (p « 0.01). The amount 
of low molecular weight dextran infused to 
achieve comparable elevations in mean left 
atrial pressure was greater in the controls: 
476 + 63 vs 320 + 55 ml (p < 0.05). 

Levels of high-energy phosphate and glyco- 
gen myocardial stores obtained 24 hours after 
bacteremia are shown in Figure 6. The normal 
values in our laboratory for similar animal 
preparations were used as a basis for compar- 
ing the responses of the IABP and control ani- 
mals subjected to Klebsiella sepsis. No signifi- 
cant differences in myocardial glycogen or ATP 
were observed in either experimental group, 
but CP was lower in both IABP and control 
animals compared with our normal laboratory 
values, 98.4 + 8.2 vs 43.3 + 5.3 and 45.1 + 6.0 
pu. moles per gram of protein, respectively (p < 
0.01). 

Electron microscopic examination of the left 
ventricular myocardium revealed preservation 
of ultrastructure in both experimental groups 
(Fig 7). Foci of slight intracellular edema were 
observed with no particular predilection for 
either group. Results of the histological evalua- 
tion of tissues obtained at postmortem exam- 
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Fig 5. Percent changes in left ventricular stroke work 
(% A LVSW) in IABP and control groups after 24 
hours of Klebsiella septicemia. (LA = left atrial.) 
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Fig 6. Levels of high-energy phosphates and glycogen 
24 hours after exposure to Klebsiella aerogenes bac- 
teria. (Normal — values obtained in our laboratory 
from similar animal preparations not subjected to Kleb- 
siella septicemia.) (ATP — adenosine triphosphate; CP 
— creatine phosphate.) 


ination are summarized in the Table. Changes 
in the lungs and kidneys were similar in both 
groups and consisted of numerous polymor- 
phonuclear neutrophils in capillaries and the 





Z 


CP 


presence of fibrin thrombi in glomerular and 
alveolar capillaries (Fig 8). In contrast, changes 
in the liver and small intestine were marked in 
contro] dogs and less severe in IABP-treated 
animals (Fig 9). The liver in control animals 
showed acute inflammatory infiltrates and cen- 
trilobular necrosis. The latter was absent in 
IABP-treated animals. Edema of the mucosa of 
the small intestine was found in both groups 
but coagulation necrosis of the mucosa was 
markedly more severe in the control dogs. 
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Fig 7. Electron microscopic appearance of left ven- 
tricular myocardium 24 hours after Klebsiella 
aerogenes septicemia. Abnormalities consisted only of 


Summary of Morphological Findings 
in 10 Control and 10 IABP-Treated Dogs 
with Klebsiella Septicemia 








IABP 
Finding Control Treated 
Lung 
PMN infiltrate + $ 
Liver 
PMN infiltrate ++ $ 
Centrilobular +++ " 
necrosis 
Kidney 
PMN (glomeruli) + $ 
Fibrin thrombi + 4 
Small Intestine 
Mucosal edema + 4 
Mucosal necrosis +++ + 
Heart 
Myocardial struc- - pis 
ture 


eS 
IABP = intraaortic balloon pumping; PMN = polymor- 
phonuclear neutrophil; + = minimal abnormal findings; 
++ = moderate abnormal finding; +++ = severe abnor- 
mal findings. 


minor intracellular edema, and differences in frequency 
were not observed between the IABP and control 
groups. (Original magnification X20,000). 


Comment 
The response of an organism to a bacterial 
challenge depends on the nature and quantity 
of the inoculum and the state of host resistance. 
In addition, both host and bacterial species 
differences are important in determining the 
response to a standard live bacteria or endo- 
toxin challenge. Several investigators have sug- 
gested that the infusion of live bacteria might 
approximate the pathophysiological processes 
observed in clinical sepsis more closely than 
endotoxin [32, 40]. Many of the effects of live 
Klebsiella aerogenes-induced sepsis in the dog 
are similar to those found in previously re- 
ported data using live Escherichia coli organisms 
in the same animal model [19, 21], although 
some notable differences exist, especially in the 
lack of notable pulmonary damage and early 
hyperdynamic circulation which has been de- 
scribed in E. coli sepsis [8]. 

Most investigators believe that some degree 
of myocardial depression may be present in 
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Fig 8. Typical findings in light microscopic sections of thrombi were observed but were found in similar fre- 


(A) lung and (B) kidney after 24 hours of Klebsiella sep- quency between the two groups. (H&E; original mag- 
ticemia. Polymorphonuclear neutrophils and fibrin nification X60). 
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Fig 9. Typical observations in (A) the liver and (B) the 
small intestine of a control dog after 24 hours of Kleb- 
siella septicemia. Marked necrosis was observed in con- 
trol animals while less severe damage was seen in 
IABP-treated dogs. (H&E; original magnification X60). 
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septic shock, but it is uncertain whether the 
cardiac depression is primary or secondary in 
nature [4, 11, 37]. Furthermore, an abnormality 
in oxygen transport manifested by a decreased 
ability to extract oxygen at the tissue level may 
further compromise cardiorespiratory function 
in sepsis [5]. 

The indications for the use of IABP and its 
hemodynamic benefits in cardiogenic shock are 
reasonably well defined [9, 35]. However, the 
use of this method in the treatment of septic 
shock has been speculative [2]. An earlier clini- 
cal report documented survival in 2 patients 
with coronary artery disease and far-advanced 
septic shock, and emphasized that the “cold 
and low-output stage of septic shock’’ rather 
than the “warm and high-output edition" was 
thought to be a prerequisite for IABP benefit 
[13]. 

Previous experimental reports using assisted 
circulation with a roller pump capable of deliv- 
ering pulsatile flow synchronized with diastolic 
augmentation and coupled with venoarterial 
bypass with a membrane oxygenator, have 
documented only limited success in the septic 
dog [10, 34]. Using LD% E. coli endotoxin, 24- 
hour perfusions ended with the development of 
acute renal failure while 12-hour perfusions 
with LD;,4, E. coli endotoxin showed a high 
evidence of mesenteric infarction. These lethal 
complications may, however, be related more 
to the technical problems associated with par- 
tial cardiopulmonary bypass or the details of 
the extracorporeal circuit than to the lack of ef- 
fective diastolic augmentation. 

Our findings demonstrate that myocardial 
performance was preserved to a greater extent 
in IABP-treated animals than in control ani- 
mals subjected to a similar bacterial insult. 
Twenty-four hours after Klebsiella infusion, left 
ventricular stroke work was 7596 of the level 
before shock in the IABP group compared with 
50% in control animals. The higher cardiac out- 
put in the IABP group was also achieved at a 
lower left ventricular filling pressure and heart 
rate in comparison to controls. In addition, left 
ventricular performance curves constructed 24 
hours after bacteremia showed a greater incre- 
mental rise in left ventricular stroke work in the 
IABP group compared with controls in response 
to increasing preload at constant heart rate and 


mean blood pressure. These changes in left 
ventricular function occurred despite the mod- 
erate hypothermia observed in the control 
group, which might have partially supported 
myocardial function by decreasing myocardial 
metabolism while contributing to the mainte- 
nance of stroke volume and overall myocardial 
contractility [1]. 

The peripheral perfusion defect thought to 
occur in septic shock was also less prominent 
with the addition of IABP therapy. Arterial 
blood levels of pH, lactate, and total CO, were 
maintained at essentially baseline levels with 
IABP, while the control group reflected a severe 
and progressive metabolic acidosis. That the 
integrity of the peripheral capillary bed ap- 
peared better preserved in IABP was also sup- 
ported by the smaller volume of Ringer's lactate 
solution required to maintain central blood 
volume in IABP-treated animals compared with 
controls. The contribution of the relatively large 
volume of lactate infused, especially in the 
control animals, in the production of the ob- 
served metabolic acidosis in the control group 
is difficult to determine in this experiment. 
Some authors have found that intravenously 
administered lactate has only minimal effects 
on the production of acidosis in most forms of 
shock [15], but, in the presence of severe liver 
damage, lactate might play a role in the creation 
of metabolic acidosis [23]. Some liver necrosis 
was observed histologically in many of our 
contro! animals, but in this study, the relation- 
ship between these light microscopic findings 
and the ability of the liver to metabolize lactate 
is uncertain. Further evidence that peripheral 
perfusion was better maintained in IABP- 
treated animals was found in the limited extent 
of microscopic abnormalities seen in the liver, 
kidney, and small bowel in IABP-treated ani- 
mals compared with the marked pathological 
changes observed in control animals. Never- 
theless, even the IABP-treated group showed 
some evidence of tissue injury. This implies 
that IABP does not eliminate the underlying 
pathophysiological mechanisms responsible for 
septic shock, but rather that it supports the cir- 
culatory system and decreases the rate of end- 
organ damage. IABP might allow more time for 
specific antibiotic treatment, fluid replacement, 
appropriate surgical intervention, and possibly 


84 The Annals of Thoracic Surgery Vol 28 


steroid therapy to alter the course of septic 
shock before an irreversible situation exists. 

The observations that arterial blood oxy- 
genation was well preserved as reflected by 
the maintenance of baseline arterial Po, on room 
air ventilatory support, and that only mini- 
mal pathological changes in pulmonary paren- 
chymal architecture detected by light micro- 
scopic analysis were noted in either the control 
or IABP group are in contrast to the marked 
pulmonary abnormalities reported with Pseu- 
domonas- [12, 28] and E. coli-induced sepsis 
[8]. The possible contribution of several fac- 
tors involved in the preservation of the pulmo- 
nary system during the present study should 
be mentioned. Intermittent deep breathing, 
continuous artificial ventilation, and the 
avoidance of oxygen toxicity were probably 
important factors in the preservation of ade- 
quate oxygenation. In addition, it is possible 
that the pulmonary insult caused by specific 
Klebsiella aerogenes-pulmonary parenchymal 
interactions may not be as deleterious at the 
cellular level as similar interactions for other 
gram-negative bacteria. While the initial re- 
sponse to Klebsiella organisms was associated 
with an increase in pulmonary vascular resis- 
tance within 10 minutes after the initiation of 
bacteremia, after only volume replacement with 
large amounts of Ringer’s lactate solution, over 
the next 50 minutes, pulmonary vascular resis- 
tance returned to baseline level in both groups. 
Similar initial increases in pulmonary vascular 
resistance have been observed in other models 
of septic shock [28, 30]. However, after 5 hours 
of Klebsiella sepsis, pulmonary vascular resis- 
tance began to rise abnormally again in control 
animals, while IABP-treated animals showed 
no further elevations. 

Changes in systemic vascular resistance have 
been reported previously as variable with live 
E. coli organisms in the subhuman primate [7] 
or decreased in dogs [21], but a progressive se- 
vere increase in systemic vascular resistance 
was seen in the present control dogs given live 
Klebsiella bacteria, while treatment with IABP 
was associated with a maintenance of systemic 
vascular resistance at baseline levels. Presum- 
ably this lack of increased systemic vascular re- 
sistance allowed for better tissue perfusion in 
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the animals receiving counterpulsation. Al- 
though a low cardiac output may have contrib- 
uted to the reflex increases in systemic vascular 
resistance, the relative moderate hypothermia 
in control animals as compared with IABP- 
treated dogs could have also played a major 
role in the intense peripheral vasoconstric- 
tion shown in the control group. 

The ability of IABP-treated animals to main- 
tain body temperature and to increase the 
circulating WBC in the presence of a severe 
bacteremia suggest that homeostatic mecha- 
nisms were still operative in these mechanically 
supported animals in comparison to the de- 
crease in temperature and the depressed WBC 
count observed in the control group. Platelets 
decreased markedly 10 minutes after the initial 
bacteremia, as previously reported in other 
forms of septic shock [29, 31], but both groups 
showed a similar partial recovery over the next 
24 hours. The inability of IABP-treated animals 
to increase the initially depressed platelet 
counts more than control animals could be sec- 
ondary to IABP-induced platelet trauma [24]. 

High-energy phosphate myocardial levels 
were similar 24 hours after bacteremia in both 
control and IABP groups. Levels of ATP and 
glycogen in both experimental groups were not 
depressed compared with our laboratory nor- 
mal values involving similarly anesthetized and 
instrumented animals. On the other hand, 
levels of CP are more sensitive to ischemia [14], 
and both experimental groups showed similar 
but equal depression of this metabolite. Similar 
high-energy phosphate changes in myocar- 
dium subjected to aortic cross-clamping have 
also been reported [14]. These findings suggest 
that severe myocardial energy depletion is not 
detectable by these combined biochemical as- 
says as early as 24 hours after bacterial insult or 
perhaps that the relative hypothermia observed 
in control animals protected against myocardial 
energy depletion that may have otherwise oc- 
curred. In addition, myocardial cellular ultra- 
structure was well preserved except for general- 
ized mild intracellular edema in both control 
and IABP groups, indicating that severe cir- 
culacory abnormalities can exist without myo- 
cardial ultrastructural deterioration during the 
first 24 hours after sepsis. 
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Light microscopic changes indicative of tis- 
sue injury were noted in both experimental 
groups, thereby documenting the severity of 
the Klebsiella aerogenes insult. The specific 
finding of fibrin thrombi, the morphological 
counterpart of disseminated intravascular co- 
agulation, was unexpected. Fibrin thrombi de- 
position has been found in the subhuman pri- 
mate [7, 36], but other investigators using E. 
coli in the dog have been unable to document 
this finding [6]. 

Our findings emphasize the importance of 
continuous, long-term monitoring of various 
biological elements to better understand the 
pathogenesis of septic shock and to determine 
the effects of various therapeutic interventions 
such as IABP. Long-term observations should 
yield important information about the interme- 
diate and later stages of septic shock. Most of 
the notable pathophysiological responses of the 
dog in Klebsiella sepsis were evident only after 
5 hours of observation and would not have 
been detected during the more common 
short-term experimental protocols. On the basis 
of these laboratory investigations and our ini- 
tial clinical impressions, we believe that -udi- 
cial clinical trials using IABP as a temporary cir- 
culatory assist device in critically ill patents 
with gram-negative septicemia may decrease 
the associated morbidity and mortality. 


References 


1. Badeer HS: Effect of hypothermia on the con- 
tractile capacity of the myocardium. J Thorac 
Cardiovasc Surg 53:651, 1967 

2. Berger RL, Saini VK, Long W, et al: The use of 
diastolic augmentation with the intra-aortic bal- 
loon in human septic shock with associated 
coronary artery disease. Surgery 74:601, 1973 

3. Bergmeyer HU: Methods of Enzymatic Analysis. 
New York, London, Academic, 1965 

4. Cann M, Stevenson T, Fiallos E, et al: Depressed 
cardiac performance in sepsis. Surg Gynecol 
Obstet 134:759, 1972 

5. Clowes GHA Jr: Oxygen transport and utiliza- 
tion in fulminating sepsis and septic shock, in 
Septic Shock in Man. Edited by SG Hershey, 
LRM Del Guercio, R McGoon. Boston, Little, 
Brown, 1971 

6. Coalson JJ, Hindshaw LB, Guenter CA: The pul- 
monary ultrastructure in septic shock. Exp Mol 
Pathol 12:84, 1970 

7. Coalson JJ, Hindshaw LB, Guenter CA, et al: 


8. 


10. 


11. 


12. 


13. 


14. 


19. 


16. 


i. 


18. 


Ly, 


20. 


21. 


Z3. 


24. 


Pathophysiologic responses of the subhuman 
primate in experimental septic shock. Lab Invest 
32:561, 1975 

Dennis RC, Vito L, Hechtman HB: Pulmonary 
insufficiency following Escherichia coli bac- 
teremia in dogs. Surg Forum 26:202, 1976 


. Dunkman WB, Leinbach RC, Buckley JJ, et al: 


Clinical and hemodynamic results of intraaortic 
balloon pumping and surgery for cardiogenic 
shock. Circulation 46:465, 1972 

Dunn JM, Kirsh MM, Harness J, et al: The role of 
assisted circulation in the management of en- 
dotoxic shock. Ann Thorac Surg 17:574, 1974 
Elkins RD, McCurdy JR, Brown PP, et al: Effects 
of coronary perfusion pressure on myocardial 
performance during endotoxin shock. Surg 
Gynecol Obstet 137:991, 1973 

Esrig BC, Fulton RL: An experimental correlation 
of sepsis, resuscitated hemorrhagic shock and 
"shock lung." Rev Surg 33:143, 1976 

Foster ED, Subramanian VA, Vito L, et al: Re- 
sponse to intra-aortic balloon pumping. Am J 
Surg 129:464, 1975 

Gay WA Jr: Potassium-induced cardioplegia. 
Ann Thorac Surg 20:95, 1975 

Harken AH: Lactic acidosis. Surg Gynecol Obstet 
142:594, 1976 

Hindshaw LB: Mechanisms and therapy of en- 
dotoxin shock (shock tour symposium). J Okla 
State Med Assoc 59:407, 1966 

Hindshaw LB: Role of the heart in the patho- 
genesis of endotoxin shock. J Surg Res 17:134, 
1974 

Hindshaw LB, Greenfield LJ, Owen SE, et al: 
Precipitation of cardiac failure in endotoxin 
sheck. Surg Gynecol Obstet 135:39, 1972 
Hindshaw LB, Mathis MC, Nanaeto JA, et al: Re- 
covery pattern and lethal manifestations of live 
E. coli organism shock. J Trauma 10:787, 1970 
Hindshaw LB, Shanbour LL, Greenfield LJ, et al: 
Mechanism of decreased venous return: subhu- 
man primate-administered endotoxin. Arch Surg 
100:600, 1970 

Hindshaw LB, Solomon LA, Holmes DD, et al: 
Comparison of canine responses to Escherichia 
coli organisms and endotoxin. Surg Gynecol 
Obstet 129:981, 1968 


. Hoover EL, Roberts AJ, Alonso DR, et al: 


Pathophysiologic response to Klebsiella 
aerogenes bacteria: 24-hour observations. Surg 
Forum 28:53, 1977 

Johnson V, Brelanski E, Eiseman B: Lactate me- 
tabelism during marginal liver perfusion. Arch 
Surg 99:75, 1969 

Leinbach RC, Nyilas E, Caulfield JB, et al: Evalu- 
ation of hematologic effects of intra-aortic bal- 
loon pumping in man. Trans Am Soc Artif Intern 
Organs 18:493, 1972 


. Luft JH: Improvements in epoxy resin embed- 


86 


26. 


2. 


28. 


29. 


30. 


93. 


de. 


39. 


34. 


The Annals of Thoracic Surgery Vol 28 No 1 July 1979 


ding methods. J Biophys Biochem Cytol 9:409, 
1961 

Marbach EP, Weil MH: Rapid enzymatic mea- 
surement of blood lactate and pyruvate. Clin 
Chem 13:314, 1967 

McCabe WR: Endotoxin and bacteremia due to 
gram-negative organisms. N Engl J Med 
283:1342, 1970 

Myrvold HE: Experimental septic shock. Acta 
Chir Scand [Suppl] 470:1, 1977 

Nagano M, Nuney LE, Kaplan AS, et al: Pulmo- 
nary hemodynamics after endotoxin administra- 
tion: change in pulmonary capillary blood flow. J 
Surg Res 17:417, 1974 

Pennington DG, Hyman AL, Jacques WE: Pul- 
monary vascular response to endotoxin in intact 
dogs. Surgery 73:246, 1973 

Petrucco O, Rao PS, Cavanagh D: Endotoxin 
shock in the dog. Am J Obstet Gynecol 114:1060, 
1972 

Postel J, Schloerb PP, Furtado D: Patho- 
physiologic alterations during bacterial in- 
fusion for the study of bacteremic shock. Surg 
Gynecol Obstet 141:683, 1975 

Powell WJ, Daggett WM, Magro AR, et al: Effects 
of intra-aortic balloon counterpulsation on car- 
diac performance, oxygen consumption and 
coronary blood flow. Circ Res 26:753, 1970 
Prager R, Kirsh MM, Dunn E, et al: The benefits 
of corticosteroids in endotoxic shock. Ann 
Thorac Surg 19:142, 1975 


35. 


36. 


oF: 


38. 


39. 


40. 


41. 


42. 


43. 


Scheidt S, Wilner G, Mueller H, et al: Intraaortic 
balloon pumping in cardiogenic shock: report of 
a cooperative clinical trial. N Engl J Med 288:979, 
1973 

Selmyer JP, Reynolds DG, Swan KG: Renal blood 
flow during endotoxin shock in the subhuman 
primate. Surg Gynecol Obstet 137:3, 1973 

Spath JA, Gorczynski RJ, Lefer AM: Possible 
mechanisms of the beneficial action of glucocor- 
ticoids in circulatory shock. Surg Gynecol Obstet 
137:597, 1973 

Technicon stat/ion system for automated elec- 
trolyte measurement by ion-selective electrode 
techniques. Publication method No. SK 4-002 
PC 5. Tarrytown, NY, March, 1975 

Thomas CS Jr, Brockman SK: The role of adrenal 
corticosteroid therapy in Escherichia coli endo- 
toxin shock. Surg Gynecol Obstet 126:61, 
1968 

Waisbren BA: Gram-negative shock and endo- 
toxin shock. Am J Med 36:819, 1964 

Weber KT, Janicki JS: Intraaortic balloon coun- 
terpulsation: a review of physiological princi- 
ples, clinical results, and device safety (collective 
review). Ann Thorac Surg 17:602, 1974 

Weisel RD, Berger RL, Hechtman HB: Measure- 
ment of cardiac output by thermodilution. N 
Engl J Med 292:682, 1975 

Weisel RD, Vito L, Dennis RC, et al: Myocardial 
depression during sepsis. Am J Surg 133:512, 
1977 


CASE REPORT 


Endothelioma of the Mitral Valve 


Ronald H. Hayward, M.B., Ph.D., and Ferenc L. Korompai, M.D. 


ABSTRACT In this paper we report the case of a 
middle-aged woman with an uncommon primary 
intracardiac tumor thought to be endothelial in ori- 
gin. 


Both primary and metastatic tumors of the heart 
are rare. It is reported that metastatic lesions 
predominate by a ratio of 20 or 40 to 1. The 
incidence of cardiac implants in postmortem se- 
ries averages about 3.4% for all cases of malig- 
nancy and 0.02 to 1.4% overall, with valve at- 
tachment the most usual finding [11, 12. We 
believe the following case report illustrates a 
primary endothelioma of the mitral valve. 


A 49-year-old white woman was examined at 
Scott and White Clinic on January 29, 1975. She 
gave a history of rheumatic fever when she was 
a child, and had been advised in 1973 that her 
heart was enlarged. Although she denied hav- 
ing symptoms when seen at our institution, 
physical examination revealed a diastolic mur- 
mur typical of mitral stenosis, with accentuation 
of pulmonary valve closure. Chest roentgeno- 
gram and electrocardiogram confirmed left atrial 
enlargement and vascular engorgement of the 
lung fields. An echocardiogram showed find- 
ings typical of mitral stenosis, with enlarge- 
ment of the left atrium. 

Six weeks later, cardiac decompensation de- 
veloped, and the patient required digitalization 
and diuretic medication. Because of a prob- 
lematical atrial flutter, direct-current cardiover- 
sion was used to correct the rhythm abnormal- 
ity. Operation because of the mitral valve 
stenosis was carried out on March 18, 1975. 

The mitral valve was found to have an orifice 
of approximately 1.5 cm’. Initially, the leaflets 
were gently separated with a Tubbs dilator. In- 
spection through the opened valve revealed a 
lump of reddish material that appeared to be 
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entangled in the chordae tendineae of the pos- 
terior leaflet. Because it was believed to be a 
thrombus, extraction was accomplished with a 
forceps, but frozen-section examination dem- 
onstrated it to be tumor. Accordingly, valve re- 
placement was done. 

Further examination of the excised specimen 
revealed that the tumor was composed of uni- 
form spherical cells with pink cytoplasm and 
roughly oval nuclei. There were vascular spaces 
apparently lined by tumor cells, and in some 
areas the cells were arranged in cords and ap- 
peared to be endothelial in type. No reticulin 
formation was demonstrated, and elastic tissue 
stains showed no evidence of elastic tissue. 
Staining with van Gieson's solution confirmed 
that the tumor was not of fibroblastic origin. 
Multiple sections were taken from the com- 
missures of the mitral valve. One of the sections 
had an accumulation of cells similar to those 
seen in the detached tumor, leading to the con- 
clusion that this may have been the original site 
of attachment. The pathologist thought that the 
lesion was endothelial in origin and well differ- 
entiated, but a moderate amount of mitotic ac- 
tivity suggested a low-grade malignancy (Fig 
1). 

Further examination by electron microscopy 
revealed tumor cells with roughly spherical nu- 
clei and some slight nuclear indentation. In 
some cells, membrane-bound electron-dense 
granules were present and had the appearance 
of secretion granules, similar to those seen in 
endocrine-type tumors. The cell surfaces were 
markedly convoluted, and there were villous 
projections interdigitating between adjacent 
cells. Desmosomes were prominent between 
the cells and the villous projections. Vascular 
spaces were lined by tumor cells, and it was 
thought that these characteristics were similar 
to the ultrastructural findings seen in lymphan- 
gliomas and hemangiomas, with the exception 
of the secretion granules. It was concluded that 
the microscopic features of this tumor sug- 
gested an endothelial origin (Fig 2). 
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tachment to the mitral valve (lower left corner). (H&E; 
original magnification X240.) 





Fig 2. Electron micrograph of the ultrastructural fea- 
tures of the tumor. (Uranyl acetate and lead citrate; 
original magnification X6,100.) 





The patient had an uneventful postoperative 
course and was well at the time of writing. 


Comment 

A review of tumors reported to be metastatic to 
the heart reveals that the primary lesion is lo- 
cated in the breast and lung in most instances, 
and that valve implants are the most common. 
It must be assumed that most of these implants 
originate from emboli because reverse lymph- 
atic spread seems unlikely. In some instances, 
direct tumor invasion of the pulmonary veins 
was reported, thus providing mainline access to 
the left atrium with subsequent implantation 
[10, 13]. Sometimes the tumor became entan- 
gled in the chordae, and sometimes there 
was direct attachment to the endocardium. Al- 
though bronchogenic carcinoma seems to be 
the most often reported primary tumor, there 
have been instances of other malignancies, in- 
cluding choriocarcinoma and teratoma of the 
testicle, carcinoma of the uterus and cervix, re- 
ticuloendothelioma of the skin, and malignant 
neurilemoma [6, 8, 9]. 

Primary intracardiac tumors are more rare, 
and few reports of them can be found in the 
literature. There is a description of a polypoid 
fibrosarcoma of the right atrium, which pro- 
duced obstruction of the inferior vena cava [7]. 
Resection of a benign right ventricular mesen- 
chymoma and of papillary tumors with a frond 
or aremonelike appearance has been reported 
[1, 2, 5]. One papilloma was thought to have 
caused death by prolapsing from the aortic 
valve into the right coronary artery [3]. So- 
called marantic valve vegetations have been de- 
scribed in patients with carcinoma and leu- 
kemia and apparently develop on areas of 
endocardial damage, are composed of platelets 
and fibrin, and sometimes cause systemic 
emboli [14]. 

In discussing primary malignant tumors of 
the heart, Whorton [15] tabulated the histologi- 
cal classification of 100 patients and mentioned 
a single instance of endothelioma. However, 
this was not further documented. Reisinger and 
colleagues [12] reported a tumor of the inferior 
vena cava and right atrium that had a low grade 
of invasiveness and caused cardiac rupture 
with hemopericardium. The multiple lesions 
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were composed of primitive mesenchymal! cells, 
but no mitotic figures were seen. Cheng and 
Sutton [4] described a primary hemangioen- 
dotheliosarcoma of the right atrium, which 
caused blockage of the superior vena cava, with 
associated metastasis to the lung. Histologi- 
cally, both these latter tumors appeared similar 
to the one reported here. 

Pathological examination of the lesion sug- 
gested that it was an endothelioma of low 
malignancy attached to chordae tendineae of 
the mitral valve. Nevertheless, we were con- 
cerned that the lesion could have been meta- 
static, even in the absence of a past or present 
malignancy. Four years have elapsed since the 
time of the initial discovery, and the patient has 
remained well without further evidence of neo- 
plastic disease. It would seem that this is a suf- 
ficient interval to rule out a primary lesion 
elsewhere in the body. We conclude that this 
tumor was a rare primary endothelioma arising 
from the mitral valve. 
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HOW TO DO IT 


Supraclavicular Thoracotomy for Diagnosis 
of Apical Lung and Superior Mediastinal Lesions 


Charles H. Dart, Jr., M.D., Howard E. Braitman, M.D., and Somboon Larlarb, M.D. 


ABSTRACT 
anterior mediastinotomy, transcarinal biopsy, nee- 


Despite the use of mediastinoscopy, 


dle biopsy, and transbronchial fluoroscopic brush- 
ing, thoracotomy is necessary to obtain tissue for 
diagnosis in patients suspected of having carcinoma 
of the lung. A technique we have employed is ex- 
ploratory thoracotomy, as described for the approach 
to cervical and upper dorsal sympathetic ganglion, 
with entrance into the pleural space through a su- 
praclavicular incision. Five patients, 3 with marginal 
pulmonary function and 2 with brachial plexus and 
upper mediastinal or vertebral involvement, had tis- 
sue diagnosis of lung carcinoma by this method 
without postoperative complication. 

Supraclavicular thoracotomy offers a safe, easy, 
and definitive method of tissue diagnosis of apical 
lung and superior mediastinal lesions. 


A number of procedures less extensive than 
thoracotomy have been proposed to determine 
operability and to establish a diagnosis in pa- 
tients suspected of having carcinoma of the 
lung [5]. They include bronchoscopy, transcari- 
nal needle biopsy, mediastinoscopy, anterior 
mediastinotomy, and needle biopsy of accessi- 
ble lung lesions [3, 4, 11]. A transcervical tech- 
nique utilizing incisional or needle biopsy has 
been employed to obtain tissue diagnosis in 
patients with Pancoast’s syndrome or superior 
sulcus tumors [7]. Despite a workup before 
thoracotomy, exploratory thoracotomy remains 
the final means of determining the diagnosis of 
carcinoma of the lung. 

Certain patients in whom carcinoma is sus- 
pected because of age, extent of disease, or re- 
duced pulmonary function might not be candi- 
dates for standard posterolateral thoracotomy 
[10] or alternatives to standard thoracotomy [1, 
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2, 8] because of increased morbidity and mor- 
tality. A proposed alternative surgical proce- 
dure in this selected group of patients is the 
subject of this report. 

From September, 1973, to July, 1977, we saw 
5 male patients ranging from 58 to 78 years old 
who were suspected of having carcinoma of the 
lung. Bronchoscopy and mediastinoscopy were 
performed but no tissue diagnosis was ob- 
tained. Two patients had nondiagnostic lung 
needle biopsies. Three patients had marginal 
pulmonary function, which made formal 
thoracotomy a marked surgical risk. Two other 
patients had notable brachial plexus involve- 
ment and evidence of vertebral or upper 
mediastinal involvement that precluded resec- 
tion fer cure. All patients had lesions in the 
apex or upper third of the lung. Three patients 
had lesions in the right chest and 2, in the left 
chest. 

All of the patients underwent exploratory 
thoracotomy through a supraclavicular cervical 
incision. Dissection was done as described by 
Jonnesco [6] and as modified by Nanson [9] for 
approaching the cervical and upper thoracic 
sympathetic ganglion. In addition, entrance 
into the pleural space was obtained. 


Technique 

With the patient in the supine position and 
with the neck hyperextended and the head 
turned away from the incision, a skin incision 
in the supraclavicular fossa is made parallel to 
the clavicle and running from the sternomas- 
toid muscle to the anterior edge of the trapezius 
muscle. The platysma and clavicular head of the 
sternomastoid muscle divided. The 
omohvoid muscle is divided, and the pre- 
scalene fat pad is inspected for node involve- 
ment by tumor. The jugular vein is retracted 
medially and the phrenic nerve is identified. 
The anterior scalene muscle is divided close to 
the first rib, thereby exposing the subclavian 
artery. After ligation of the thyrocervical trunk, 
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B 
Fig 1. (A) Incision and (B) operative field of supra- vertebral artery; 4-sternomastoid muscle; 5-apex of 


clavicular thoracotomy. (1-rib; 2-brachial plexus; 3- lung.) 
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Fig 2. Extent of exposure possible using supraclavicular 
thoracotomy. 





5 


Fig 3. Preoperative chest roentgenogram demonstrating 
a typical upper lung lesion amenable to supraclavicular 
thoracotomy. 


the subclavian artery and vein are retracted in- 
feriorly, exposing the apical pleura and the lung 
(Fig 1). 

When this point is reached, it is easy to take 
biopsy specimens from lesions of the apex in- 
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volving the brachial plexus. Lung clamps are 
used to elevate the lung into the incision for 
further inspection and biopsy. A narrow Dea- 
ver retractor provides medial and inferior 
mediastinal exposure. Occasionally a medias- 
tinoscope is used to afford more specific prob- 
ing of the mediastinal structures. The extent of 
exposure is illustrated in Figure 2. Following 
biopsy, a single drainage catheter is inserted 
through the first or second interspace, and the 
wound is closed in layers. Figure 3 demon- 
strates a preoperative chest roentgenogram. 


Comment 

Of the 5 patients undergoing supraclavicular 
thoracotomy for diagnosis of carcinoma of the 
upper third of the lung or the superior medias- 
tinum, 3 had poor pulmonary function that pre- 
cluded standard thoracotomy procedures and 2 
had evidence of bone and brachial plexus in- 
volvement. Postoperative pulmonary function 
tests failed to show marked changes from pre- 
operative values. No major complications were 
encountered. 

Standard methods of diagnosis and treatment 
of carcinoma of the lung can usually be used in 
providing care for most patients suspected of 
having this tumor. In patients with notable 
medical problems, poor pulmonary reserve, or 
lesions in relatively inaccessible areas, it can 
sometimes be more difficult to obtain a tissue 
diagnosis. Despite fluoroscopic needle or brush 
biopsy, pleural biopsy, mediastinoscopy, and 
bronchoscopy, it is often necessary to employ 
thoracotomy to establish diagnosis and effect 
treatment. This procedure can markedly reduce 
pulmonary reserve in patients with chronic 
obstructive pulmonary disease or significant 
heart disease. Exploratory thoracotomy through 
the supraclavicular area was used to obtain a 
tissue diagnosis and assess nonresectability de- 
spite pulmonary function that was marginal to 
poor. 

Apical lung lesions with neural involvement 
(Pancoast’s syndrome) have been difficult to 
diagnose despite transcervical exploration or 
needle biopsy. Additional exploration of the 
supraclavicular space with transection of the 
pleura offers a relatively easy means of diag- 
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nosing a disease and determining its extent in 
patients with such lesions. 
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NOTE 


Transventricular Illumination 
A. Daneshwar, M.D., G. Azizpoor, M.D., and K. Mashaykhi, M.D. 


ABSTRACT 
lumination for localization of a ventricular septal de- 
fect (VSD) and 
aneurysm of the membranous ventricular septum, 


The technique of transventricular il- 
identification of an associated 


prolapse of a noncoronary cusp, and a low apical 
muscular VSD as used in 28 patients is described. 


During the past three years transventricular il- 
lumination has been utilized as an adjuvant 
approach in the repair of interventricular septal 
defect. Regardless of the location of such a de- 
fect, there are several approaches to transatrial 
or transventricular repair. Identification of the 
defect is often time-consuming; therefore, 
transventricular illumination has been used to 
find the exact location and to identify a low api- 
cal muscular ventricular septal defect (VSD), the 
prolapse of a noncoronary cusp through the 
VSD, or associated aneurysm of the membra- 
nous ventricular septum. 


Clinical Material and Method 

Transventricular illumination has been used in 
28 patients with an interventricular septal de- 
fect who ranged from 6 to 28 years old. The 
defect was membranous in 65% of the patients, 
infundibular in 25%, posterior in 9%, and 
muscular in 196. An associated aneurysm of the 
membranous ventricular septum was found in 2 
patients and was easily diagnosed with trans- 
ventricular illumination. Imbrication and clo- 
sure of the defect with a Dacron patch were car- 
ried out. In addition, 2 patients with aortic 
stenosis, interventricular septal defect, and a 
prolapsed noncoronary cusp were identified 
using transventricular illumination. 

The equipment used for transventricular il- 
lumination consists of three pieces: (1) diag- 
nostic light source with a suitable transformer; 
(2) light-transmitting cable, which is flexible 
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and can be autoclaved; and (3) fiberlight illu- 
minator with distal illumination (Figure). These 
instruments are all used in the Urology Depart- 
ment at the National Heart Centre and are 
made by the Wolf Company for diagnostic 
light sources. 

Standard operative techniques were followed 
after cross-clamping of the aorta and relaxed 
heart. Right ventriculotomy or right atriotomy 
was performed. The apical vent was then re- 
moved, and the fiberlight illuminator with 
distal illumination was introduced to light the 
interior of the left ventricle before introduction 
of the illuminator. It is our practice to keep the 
flexible illuminator in a cold normal saline so- 
lution to adjust flexibility. 


Review of the Literature 

We are not concerned here with a discussion of 
the merits of different approaches, nor with the 
relationship of right ventriculotomy to right 
heart failure [1, 4], but with the hypothesis that 
with transventricular illumination there is im- 
provement and success in the transatrial ap- 
proach, particularly when there is multiple 
VSD. In 1957, Cooley and associates [la] re- 
ported a transatrial approach for repair of VSD. 
Lincoln and colleagues [2] used the same tech- 
nique in 1977 for this repair in 50 patients, with 
a 72% success rate. Due to difficulty of visibil- 
ity, particularly with a supracostal or low mus- 
cular type of defect, a 28% failure rate was 
reported. 

Vidne and co-workers [5] reported 29 in- 
stances of aneurysm of the membranous inter- 
ventricular septum. This aneurysm is fre- 
quently overlooked, and in 1 of our patients 
was not diagnosed preoperatively despite an- 
giography. Using transventricular illumination, 
aneurysm of the pars membranacea was illumi- 
nated and imbricated, and an associated inter- 
ventricular septal defect was closed with a Da- 
cron patch. 

Moreno-Cabral and associates [3] reported on 
25 patients with VSD and aortic insufficiency. 
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Fiberlight illuminator with distal illumination. 


Prolapse of the right or noncoronary cusp 
through the VSD occurred in 11 patients. In 2 
of our patients, prolapse of noncoronary cusp 
was identified using transventricular illumina- 
tion, and aortic valve replacement with closure 
of the VSD with a Dacron patch was carried out. 


Comment 

During operation, identification of an inter- 
ventricular septal defect, particularly an asso- 
ciated aneurysm of the pars membranacea, the 


prolapse of a noncoronary cusp, a low muscular 
defect. and multiple VSDs, is difficult and often 
missed. The use of transventricular illumina- 
tion im 28 patients improved the chances for 
identification of these problems. 
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CORRESPONDENCE 


ACT Calculation 
To the Editor: 


A recent report by Young and associates (Ann Thorac 
Surg 26:231, 1978) describes studies of anticoagula- 
tion based on the use of activated clotting time (ACT) 
as originally described by Bull and colleagues [1, 2]. 
Although intraoperative management of anticoagu- 
lation with ACT is employed widely now by cardiac 
surgeons, we have found that plotting the data by 
hand is cumbersome and inefficient. Accordingly, 
we have developed a simple routine based on the 
capabilities of the Texas Instruments TI-59 pro- 
grammable calculator, which can be obtained with a 
printer through discount houses for about $350. 

The program is run entirely by the perfusionists. 
When a given button is pressed, the calculator prints 
a message requesting the control ACT. A test dose 
(usually 100 mg) of heparin is administered, and the 
dose and resulting ACT are entered into the cal- 
culator. The calculator then predicts the required 
heparin dose for an ACT of 480 seconds. This last 
dose and the resulting ACT are also entered. The 
calculator then calls a linear regression routine to cor- 
relate all ACT values entered with corresponding 
heparin doses. The r value for this regression is 
printed; it must be greater than 0.95 for the data base 
to be considered valid. 

Subsequent to entry of the data base, the calculator 
predicts the amount of heparin required to return to 
an ACT of 480 seconds or the amount of protamine 
necessary to return to control ACT, based on the ACT 
observed at any point in time. ACT samples are 
drawn from the right atrium or the reservoir of the 
heart-lung machine (the latter during bypass). 

This method has proved quite convenient and is 
applied routinely by the perfusionists at Columbia- 
Presbyterian Medical Center. For any readers who 
own a TI-59 and would like to try the method, we 
would be glad to send a copy of the program and 
instructions in return for a set of the magnetic cards 
which come with the machine. 


Eric A. Rose, M.D. 
Henry M. Spotnitz, M.D. 


Department of Surgery 

College of Physicians and Surgeons 
Columbia University 

New York, NY 10032 
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Hunter-Sessions Cannula 


To the Editor: 

I should like to support the favorable opinion of the 
Hunter-Sessions self-retaining aortic cannula offered 
by Drs. Saxena, Engelman, and Levitsky in the article 
“Evaluation of the Hunter-Sessions Self-Retaining 
Aortic Cannula" (Ann Thorac Surg 26:93, 1978). We 
have used this cannula in more than 50 consecutive 
patients, and have had no problems. The device 
makes cannulation of the aortic arch rapid, reliable, 
and safe. 

The authors report use of only the 6.5 mm size, but 
the cannula is available also in an 8.5 mm size. It is 
our practice to use this larger size in all patients 
whose body surface area exceeds 1.7 square meters. 
Arterial line pressure gradients remain low at high 
flows with the 8.5 mm cannula, even in very large 
patients. 

We recommend this device and suggest that the 
larger cannula be used in patients whose body sur- 
face area exceeds 1.7 square meters. 


Peter R. Mages, M.D. 


Section of Thoracic and 
Cardiovascular Surgery 
Lahey Clinic 

605 Commonwealth Ave 
Boston. MA 02215 


SIXTEENTH ANNUAL MEETING OF 
THE SOCIETY OF THORACIC SURGEONS 


Atlanta, GA 
January 21-23, 1980 


The Sixteenth Annual Meeting of the Society of 
Thoracic Surgeons will be held at the Atlanta Hilton 
Hotel, Atlanta, GA, Jaunuary 21-23, 1980. 


Application for Membership 
(Deadline: September 1, 1979) 
Requests for application forms for membership in 
The Society of Thoracic Surgeons should be ad- 
dressed to Quentin R. Stiles, M.D., Chairman, 
Membership Committee, The Society of Thoracic 
Surgeons, 111 E Wacker Dr, Chicago, IL 60601. 
The completed application forms and supporting 
letters must be in the hands of the Membership 
Committee by September 1, 1979, for the applicant 
to be considered for election at the Atlanta meeting 
next January. 


Call for Abstracts—1980 Meeting 

(Deadline: August 31, 1979) 

Abstracts for papers to be presented at the 1980 an- 
nual meeting are now being accepted. The deadline 
for receipt of abstracts is August 31, 1979. An original 
and 9 copies should be submitted, using the official 
Society abstract form (on verso of this page), to L. 
Penfield Faber, M.D., Chairman, Program Commit- 
tee (Abstracts), The Society of Thoracic Surgeons, 111 
E Wacker Dr, Chicago, IL 60601. Additional forms 
are available upon request from the Society. 
Abstracts must summarize an original contribution 
not presented or submitted elsewhere. Abstracts re- 
ceived after the deadline will not be considered. It is 
requested that the covering letter indicate the author 
who is to receive notice of acceptance or rejection and 
the author who will present the paper. 

The Program Committee reserves the right to select 
papers for either regular or forum-type presentation; 
the author may also designate his preference for pre- 
sentation in the forum. Essayists are reminded that 
according to the by-laws of the Society, all papers 
accepted for presentation: (1) must be submitted in 
duplicate to the Secretary at the time of presentation 
or to the Editor of The Annals of Thoracic Surgery prior 
to presentation; and (2) become the property of the 
Society if they are accepted for publication, in which 
case they may not be published other than in The 
Annals of Thoracic Surgery. 

It is well recognized that abstracts frequently belie 
their content by virtue of poor organization, and as a 
result valuable contributions to the Scientific Ses- 
sions may be unrecognized. It is important that 
methods and results be clearly defined in the 
abstract; therefore, general statements such as "re- 
sults will be presented" are not acceptable. When a 
procedure or method is stated to have "advantages," 
those advantages should be defined. Abstracts which 
simply summarize results without defining objec- 
tives and methods are equally undesirable. 

Speakers for accepted papers are limited to 10 


minutes except for forum presentations, which are 
restricted to 5 minutes. 


Instructions for Abstracts 

The otficial abstract form printed on verso of this 
page and available from the Society, or photocopies 
thereof, must be used. Authors must categorize the 
principal subject of their abstract using the code at 
the side of the form, and insert the proper code in the 
box provided in the upper left corner of the form. 


1. Full names of authors must appear on the abstract. 

2. Institution or address is to be given, but omit ti- 
tles. degrees, and appointments. 

3. Abstracts must be typed double-spaced. 

4. When percentages are used, the absolute numbers 
of derivation must be stated. 

5. The body of the abstract should include: 

a. A brief statement of the purpose of the study 
being presented, with reference to the current 
state of research in the field. 

b. The methods of study or experimental ap- 
proach, clearly but briefly defined. 

c. A summary of the results and/or conclusions of 
the study, including sufficient details to sup- 
port those conclusions. 

d. A statement concerning the significance of the 
work and its possible implications for future 
research; "results will be presented” is unac- 
ceptable. 


In discussion of papers, the Society encourages a 
healthy spirit of constructive critical review and re- 
buttal by comments pertinent to the content of the 
paper being presented. Presentation of discussion in 
the form of "secondary papers” will not be wel- 
comed. 


Call for Surgical Films 

(Deadline: August 31, 1979) 

The pepular surgical movie program will again be 
presenfed at the Atlanta meeting. The Program 
Committee hereby solicits the submission of surgical 
films, which may portray a surgical procedure or 
simply a technical maneuver that the surgeon thinks 
will be of interest to the Society. The film may not 
exceed 10 minutes in length. Sound movies are ac- 
ceptable but not necessary, and live narration by the 
principal surgeon is a requirement for participation 
in the movie night program. The movies may be on 
Super-8 or 16-mm film. The deadline for submission 
of films is August 31, 1979. Films also should be sent 
to L. Penfield Faber, M.D., Chairman, Program 
Committee, at the Society office, 111 E Wacker Dr, 
Chicago, IL 60601. 


W. Gerald Rainer, M.D. 
Secretary 
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Because heart attack patients are 
full of questions, The Heart Attack 
Handbook is full of answers. 


THE HEART ATTACK HANDBOOK: A Commonsense Guide to Treatment, Recovery, and Prevention 

By Joseph S. Alpert, M.D., Formerly, Director, Samuel A. Levine Cardiac Unit, Peter Bent Brigham 
Hospital; Assistant Professor of Medicine, Harvard Medical School, Boston; Currently, Director, Division of 
Cardiovascular Medicine and Professor of Medicine, University of Massachusetts Medical Center, Worcester 











To inform patients and their families about the details of 
heart attack . .. To combat the fears that are born of igno- 
rance... To reassure the patient that heart attack does 
not mean the end of a rewarding and productive life . . . 
And to impreve communication with your patients . . . 
You need TRE HEART ATTACK HANDBOOK. 

Written specifically for heart attack victims and their fami- 
lies, this straightforward text provides factual and emotional 
fortification during the stressful recuperative period following a 
heart attack. The physical processes that lead to and charac- 
terize a heart attack, the methods of treatment, and the steps 
to recovery are explained clearly and candidly. Dr. Alpert 
frankly confronts all the implications of heart attack and offers 
sensible advice on returning to work, resuming sexual activity, 
and combating depression. 

A valuable appendix answers questions commonly asked 
by patients, describes medications frequently prescribed in the 
management of coronary disease and hypertension, provides 
a guide to tests performed on patients with coronary disease, 
and defines medical terms used by physicians and 
paramedics. 

Short enough to be read in one sitting, packed with neces- 
sary information, and written with compassion and authority 
by an experienced cardiologist, THE HEART ATTACK 
HANDBOOK is one book you can recommend with 
confidence. 


140 pages ISBN 0-316-03501-7 Clothbound, only $4.95 


. _Manualof 
Coronary Care 





Little, Brown has a free copy of our 
best-selling MANUAL OF CORO- 
NARY CARE for you when you pur- 
chase 10 or more copies of THE 
HEART ATTACK HANDBOOK! 


Your colleagues described Alpert and Francis’ 
MANUAL OF CORONARY CARE as “an excellent, 
telegraphic summary of current CCU practices,” 
“one of the finest summaries of intensive care car- 
diology,” “excellent, concise, accurate; the (tried and 
true) format is just right for harried house officers,” 
and so on. Now this step-by-step guide to every 
aspect of coronary care (an $9.95 value) is yours — 
free —with the purchase of 10 or more copies of THE 
HEART ATTACK HANDBOOK at the low price of 
$4.95 each. Of course, you can order either book in 
whatever quantity you wish, but we know you'll 
appreciate this special money-saving offer. Naturally, 
our 30-day approval policy applies to your entire 
order. 
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T Little, Brown and Company 
Medical Division/200 West Street/Waltham, Massachusetts 02154 
[.] Yes! I want a free copy of Alpert & Francis MANUAL OF CORONARY CARE. 


Please send________joffer valid only with purchase of 10 or more) copies of Alpert's 
THE HEART ATTACK HANDBOOK. 

C] Please send—— copies of Alpert and Francis MANUAL OF CORONARY CARE 
(#034991-88A1) at$9.95 each. 


C] Please send_____ copies of Alpert's THE HEART ATTACK HANDBOOK 
(ISBN 0-316-03501-7) at $4.95 each. 
All books are sent on 30-dayapproval. [L My check for 





name 





address 





city state zip 
(In Canada, order directly from J.B. Lippincott of Canada, Ltd., 75 Horner Avenue, Toronto, Ontario M8Z 4X7. Canada.) 
ATS 


is enclosed. [_] Please bill me. 
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CLASSIFIED ADS 


Beginning with Volume 28 (July, 1979) of The Annals of 
Thoracic Surgery, the classified advertising section is to be 
expanded to include meeting announcements and post- 
graduate courses, as well as positions wanted or available. 
This expanded classified section supersedes the Continuing 
Education section, which ran quarterly in The Annals. The 
charge for all classified advertising is $25.00 per 50 words 
per issue. Prepayment is required. 

Classified ads for meeting announcements, postgraduate 
courses, and positions wanted or available must relate only 
to the thoracic and cardiovascular surgical specialities. All 
ads are subject to the approval of the Editor, and material 
deemed inappropriate for publication in The Annals will be 
rejected. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired when advertising a position wanted 
or available, please indicate this at the time of submission 
and a code number will be assigned. All responses received 
will remain confidential in The Annals Editorial Office and 
will be conveyed to the advertiser shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the desired issue. Send ad and 
nonrefundable check (in the amount of $25 for every 50 
words times number of issues the ad is to run), payable to 
The Annals of Thoracic Surgery, to: Herbert Sloan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7079 University 
Hospital, Ann Arbor, MI 48109. 


SITUATIONS WANTED 


D M ———— 


Cardiovascular and thoracic surgeon, 32, ABS and ABTS 
certified, completing additional fellowship in cardiovas- 
cular surgery, FLEX, seeks association in group or part- 
nership. 


Please respond to W-57, The Annals of Thoracic Surgerv, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
ne 
Intensivist, Boards in Medicine, eligible in Anesthesia, 
wishes to join hospital or group involved in cardio- 
vascular-thoracic surgery. Extensive experience in preoper- 
ative, intraoperative, and postoperative care of cardiac pa- 
tients. Medicine and Anesthesia residencies at prestigious 
medical center with large cardiac service. Prefers West 
Coast. 


Please respond to W-180, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 

a 
Cardiovascular and thoracic surgeon, 36, seeking to relo- 
cate. University trained, ABS, ABTS certified, two years’ 
experience in active private cardiac practice. Prefers West 
Coast, but will consider other areas. Available immediately. 


Please respond to W-181, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


E i 
Cardiovascular and thoracic surgeon, 41, married, 6 years’ 
experience in private practice consisting of cardiac, tho- 
racic, and vascular procedures, wishes to relocate with 
group practice or partnership with larger cardiac volume. 
University trained, ABS, ABTS certified, FACS. All loca- 
tions considered. 


Please respond to W-182, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


A-38 





Cardiovascular and thoracic surgeon, 35, seeks position 
with group in busy private or academic practice. Excellent 
university training in all aspects of cardiac and peripheral 
vascular surgery, additional pediatric cardiovascular fel- 
lowship, extensive bibliography, ABS certified, ABTS eli- 
gible. 


Please respond to W-183, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
HMM MERE MEL MEMMAaLMMM e i iL 
Fellowship in cardiac surgery desired by ABTS-certified 
graduate of university residency. Desires retraining in car- 
diac surgery, with operative experience. Board credit un- 
necessary. Availability and duration flexible. 


Please respond to W-184, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
Cardiac surgeon, 34, trained in major cardiac center, exten- 
sive experience in adult and congenital cases, seeks practice 
exclusively or predominantly in open-heart surgery. Cur- 
rently, staff cardiac surgeon in military. Completing Berry 
Plan, June 1980, after which will be ABS, ABTS certified. 


Please respond to W-185, The Annals of Thoracic Surgery, 
C-707€ University Hospital, Ann Arbor, MI 48109. 
Ne ee eee 1i 
Cardiovascular and thoracic surgeon, 37, ABS, ABTS cer- 
tified, seeks association with active surgeon or group lead- 
ing to partnership. University trained at leading southern 
medical center in all aspects of cardiac and thoracic surgery. 
One year in private practice. Prefers Rocky Mountain area, 
but will consider other locations. 


Please respond to W-186, The Annals of Thoracic Surgerv, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
uM EM MN ENEEUEEEEEEEMEEEEMMM Ali 
Cardiovascular and thoracic surgeon, 33, university 
trained, seeks position. Experience includes adult and 
pediatric cardiac, thoracic, and peripheral vascular surgery. 
No geographic preference. Available July, 1979. 


Please respond to W-187, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
ee 
Young, Board-certified general surgeon desires Board- 
approved residency position in thoracic surgery beginning 
July, 1979. 


Please respond to W-188, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
MOON MNMMMMMMMEMMIMMEEEEODMM. LA AL 
Thoracic and cardiovascular surgeon, 37, married, ABS, 
ABTS certified, FRCS, FACC with vast experience and with 
additional year of fellowship at the Cleveland Clinic. Avail- 
able immediately. 


Please respond to W-189, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
ne i tn i 
Cardiothoracic and peripheral vascular surgeon, 37, ABS, 
ABTS, FRCS(C) desires relocation. Training at Cleveland 
Clinic in addition to excellent training in general thoracic 
and peripheral vascular surgery in another major US center. 
Currently in private practice. 


Please respond to W-190, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
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Physician’s assistant, trained in cardiothoracic surgical 
techniques and patient care, seeks position in South or 
West. Prefers private group practice. NCCPA certified. 


Please respond to W-191, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, 37, ABS, ABTS cer- 
tified, seeks opportunity to relocate his practice. Full-i:me 
professor at university. Available immediately. 


Please respond to W-192, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic surgeon, also trained in peripheral vascular 
surgery, 33, ABTS certified, FLEX, seeks group practice in 
cardiovascular surgery. Location flexible; available imme- 
diately; excellent references. 


Please respond to W-193, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, FRCS (Canadian), 
would like to relocate. Geographic full-time at Canadian 
teaching hospital, US-trained in all aspects of adult and 
pediatric cardiovascular and thoracic surgery. Interested in 
adult thoracic, cardiac, and vascular surgery. 


Please respond to W-194, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





SITUATIONS AVAILABLE 





Southern Illinois University School of Medicine, Spring- 
field, IL, needs division chairman of thoracic/cardiac sur- 
gery. University salary supplemented by practice income. 
Administration, teaching, research, patient care. Bcard 
certification in general and thoracic surgery and experi- 
ence in academic administration, teaching, and resezrch 
needed. 


Contact J. Roland Folse, M.D., Chairman, Southern Illinois 
University School of Medicine, P.O. Box 3926, Springfield, 
IL 62708. Southern Illinois University is an Affirmative 
Action Equal Opportunity employer. 

— —— ELM 
Cardiovascular and thoracic surgery fellowship available 
July 1, 1979, in active program. Rural setting. 

Please respond to Dr. Gerald M. Lemole, Deborah Heart 
and Lung Center, Browns Mills, NJ 08015. 





Thoracic and vascular surgeon, ABTS certified or eligible, 
wanted by group in southeast Florida. Practice limited to 
thoracic and major arterial surgery, with vascular laboratory 
facility. No cardiac surgery. 


Please respond to A-113, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
———————————P—HÓRNETPRRUADS CM 
Mature thoracic surgeon (pulmonary, esophageal), univer- 
sity trained, ABS, ABTS certified, seeks similarly trained 
associate in 400-bed hospital in Southwest. Practice limited 
to noncardiac thoracic and peripheral vascular surgery 


Please respond to A-114, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


——^(—————— ÉÁÉÉÓRBRBR—€ 
Thoracic and vascular surgeon wanted to join private prac- 
tice in Monterey Bay area of CA. No open-heart surgery 
performed. Applicant must be ABTS certified or eligib e. 


Please respond to A-115, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





A-39 


——————————— 
CCP or Bcard-eligible graduate of accredited two-year car- 
diovasculer perfusion technology training program needed 
for open-heart surgery team at 410-bed, teaching hospital. 
Progressive program dating from 1959, modern equipment, 
desirable zeographic location. 

Please contact G. Branston, Personnel Department, Blodgett 


Memorial Medical Center, 1840 Wealthy, SE, Grand Rapids, 
MI 4950€; tel: (616) 774-7818. An EOE/MIF. 





Cardiovascular and thoracic surgical group in southern city 
seeks associate in growing practice of thoracic, cardiac, and 
vascular surgery. Vascular laboratory being initiated. Uni- 
versity aff liation available. 

Please res»ond to A-117, The Annals of Thoracic Surgery, 
C-7079 Ur iversity Hospital, Ann Arbor, MI 48109. 


Noncardiec esophageal pulmonary surgical fellowship 
available »eginning July 1, 1979, for one year. University- 
affiliated >rogram, noncardiac pulmonary and esophageal 
surgery. Candidate must be ABTS certified. 


Please respond to Tom R. DeMeester, M.D., The University 
of Chicago Pritzker School of Medicine, 950 E 59th St, 
Chicago, L 60637; tel: (312) 947-6924. 


Fellowship in pediatric cardiovascular and thoracic sur- 
gery. One-year program beginning July 1, 1979, includes 
emergency newborn surgery as well as elective closed and 
open cardiac surgical procedures. 


Please respond with curriculum vitae to A-119, The Annals 
of Thoracic Surgery, C-7079 University Hospital, Ann 
Arbor, M] 48109. 





Thoracic «nd general surgeon wanted to join two busy sur- 
geons in Mew Jersey, 35 miles from New York City. Must be 
certified in general surgery and Board eligible in thoracic 
surgery. Community hospital with medical school affilia- 
tion; no cardiac surgery. 


Please respond to A-120, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Thoracic «nd cardiovascular surgeon, Board eligible or cer- 
tified, wanted to join an established thoracic and cardiovas- 
cular surgeon in Northeastern US. 


Please sead curriculum vitae to A-121, The Annals of 
Thoracic Surgery, C-7079 University Hospital, Ann Arbor, 
MI 48106. 





Thoracic and peripheral vascular surgeon wanted to join 
private practice in Maryland suburbs of Washington, DC. 


Please res»ond to Robert B. Wagner, M.D., 6228 Mazwood 
Rd, Rockville, MD 20852; tel: (301) 762-9549. 





Thoracic and vascular surgeon wanted to join four-man 
corporaticn. Practice at seven hospitals limited to general 
thoracic aad vascular surgery. Very liberal corporate bene- 
fits and vacation. Must have ABTS Boards or eligibility. 


Please serd curriculum vitae to Manfred L. Cohen, M.D., 
4815 Liberty Ave, Pittsburgh, PA 15224. 





Available July 1, 1979, fellowship in surgery, all levels, at 
university-affiliated hospital. General surgery and all 
specialties included. Ohio license or eligibility for Ohio 
license necessary. 


Please cortact Medical Education Department, St. Elizabeth 
Medical Center, 601 Miami Blvd, West, Dayton, OH 
45408; tel: (513) 223-3141, ext 417. 








Cardiovascular and thoracic surgeon, Board certified or 
eligible, wanted to join established practice in Ohio. Adult 
cardiac, vascular, and general thoracic surgery. University 
affiliation available. Association leading to partnership. 
Prefer recent graduates. 


Send curriculum vitae to A-126, The Annals of Thoracic 
Surgery, C-7079 University Hospital, Ann Arbor, MI 
48109. 





Thoracic and vascular surgeon wanted as associate in East 
Coast practice limited to thoracic and vascular surgery. 
Must be ABTS eligible or certified. 


Please respond to A-127, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





The University of Utah College of Medicine, Salt Lake City, 
UT, invites applications for a position as Assistant Profes- 
sor of Surgery in the Division of Cardiothoracic Surgery. 
Board eligibility in general and thoracic surgery, substantial 
teaching and research abilities, and clinical expertise in 
large university health sciences center required. 


Please address inquiries, including curriculum vitae, to Dr. 
Frank G. Moody, Professor and Chairman, Department of 
Surgery, University Medical Center, Salt Lake City, UT 
84132. Deadline Aug 15, 1979. An equal opportunity/affir- 
mative action employer. 





Fellowship in cardiac surgery available beginning June 15, 
1979. Approximately 250 open-heart procedures per vear. 
Southern California location. Excellent, high cardiac- 
surgery-volume hospital and benefits. Salary negotiable. 


Please respond to A-129, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





















Denton A. Cooley 
Cardiovascular Surgical Society 
6th Annual Scientific Meeting 
Monte Carlo, Monaco 
Loews Monte Carlo Hotel 
Sept 5-9, 1979 






This meeting is being held in a foreign 
country to establish contact with members 
of our society who trained under Dr. 
Cooley's leadership. One-week tours have 
been arranged to Italy, France, or Switzer- 
land after the convention. 


Please request registration application 
forms from: 

Tri-City Travel 
2152 US 19 South 
ATTN: Dr. Javier Ruiz 
Clearwater, FL 33516 


A-40 





















Chief, Full Time 
Division of Thoracic 
and Vascular Surgery 


Coney Island Hospital, affiliated with Maimonides 
Medical Center and State University of New York, 
Downstate Medical Center. To direct and coordi- 
nate patient care and resident education, to help in 
the general surgical training program. Salary com- 
petitive; excellent fringe benefits. Downstate clini- 
cal faculty apartment. Young, aggressive depart- 
ment with potential private practice opportunity. 







Send CV in confidence to: 


Burton L. Herz, MD, FACS 
Chief, Surgical Services 


Coney Island Hospital 


2601 Ocean Parkway, Brooklyn, NY 11235 
Equal Opportunity Employer M/F 





How CPR training gir ey at ad 
helps business. 


T" Why not set up a goal 
Ns for your company... so mar 
employees with CPR trainir 
per floor—or area? i 

Its easy to do. Call your 
Red Cross Chapter. . . they’ 
be glad to help you do it. 

CPR training from 
Red Cross is one way you c 
help your company be read 
And a way you can help ke 
Red Cross ready, too. 


CPR—cardsopulmonary 
resuscitation training is one 
of the valuable assets an 
employee can have. 

If even one employee has 
this training, (which is avail- 
able from Red Cross), every 
other co-worker benefits. 
Everybody can breathe easier 


knowing that in the event of 
a cardiac arrest, help is Keep Red Cr 
immediately available. 

ready. 
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Medtronic Unfolds 


NEW AV SEQUENTIAL PACEMAKER 





Medtronic’s new Byrel™ implantable pacemaker 


designed for A-V sequential pacing. 








Both temporary and permanent A-V 
sequential pacing are likely tosee more 
frequent applications because of two 
new products recently developed by 
Medtronic, Inc., Minneapolis, Minn. 
These products are the Byrel™ implant- 
able A-V sequential pacemaker and the 
Model 5330 external A-V sequential 
pacemaker. 

Interest in A-V pacing is growing be- 
cause of this pacing mode's potential 
for both improving cardiac output and 
for control of certain tachyarrhythmias. 

Restoration of A-V synchrony can im- 
prove cardiac output by providing 
regular atrial filling of the ventricles and 
by providing more normal valve func- 
tion in some patients. 

It may also prevent retrograde pump- 
ing by theatriaandincrease the effi- 
ciency of myocardial oxygen use (when 
compared to ventricular pacing). 

A-V sequential pacing will also pre- 
vent most forms of retrograde atrial 
stimulation and bradycardia. 

Controlled A-V synchrony provides a 
method for management of certain 
tachyarrhythmias preventing the long 
PR intervals necessary for some of the 
re-entry tachyarrhythmias. Of course, it 
can also prevent atrial bradycardia in 
brady-tachy syndrome and drug-in- 
duced bradycardia. A-V sequential 
pacing can also overdrive ventricular 
arrhythmias while providing the bene- 


A-V SEQUENTIAL continued on page 2 


Xyrel" and Xyrel-VP Pacemakers Earn 99.9% Performance Rating 


Medtronic's Xyrel* and Xyrel®-VP 
pacemakers are daily setting new reli- 
ability records at Medtronic, earning a 
performance index of 99.9%. That 
means that 99.9% of these products can 
be expected to perform within specifica- 
tion over the next six-month period. 

To date, nearly 73,000 Xyrel® pace- 
makers have been sold in the U.S.—ac- 

"cumulating in the past three years 
nearly three-quarters of a million im- 
plant device months. 

Yet, the number of units verified to be 
out of specification when returned to 


Medtronic is extremely law — only 18 
actual "out of spec" units have been ob- 
served by Medtronic technicians. Thus, 
the current performance index for both 
the Xyrel® and the Xyrel® -VP units is 


9%. 

The Medtronic Performance Index is 
a patient management tool developed 
by the company to provide up-to-date 
device performance information for the 
physician. Its unique value is that it is 
not diluted by early, historical product 
experience and it covers only presently 
implanted devices. 


Of the total Xyrel® pacemakers sold, 
about 13,000 have consisted of Xyrel®-VP 
ventricular programmable units. Of these, 
only one has been observed to have a 
component failure by Medtronic techni- 
cians. 

The performance index for each indi- 
vidual pacemaker is reported quarterly 
to the physician with Medtronic's Im- 
plant Data Report. Ask your Medtronic 
representative for a brochure giving de- 
tails of the Medtronic Performance 
Index, or send in the coupon following 
Product Information Summary. 
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Spectrax Pacemaker in Clinical 


— ang 


Periods 


The Spectrax™-SX multi-programmable pulse generator weighs only 45 grams and 


ras a volume of 21 cc. 





A-V SEQUENTIAL continued 


its of improved cardiac output. 

Making these benefits availableto the 
»hysician and his patient are Med- 
'ronics A-V sequential pacing products. 
.eading off is the new Byrel™ a pro- 
jrammable, lithium-powered, ventricu- 
ar-inhibited device with seven A-V pro- 
jrams and one ventricular-inhibited 
node (atrial unit shut-down). 

The Byrel™ has many of the perform- 
ance features of other Medtronic pulse 
yenerators, including a lithium power 





Model 5330 external pacemaker 
for atrial, ventricular or A-V sequential 
pacing. 
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Medtronic 


Helping you help 
the pacemaker patient 


source, titanium external covering, her- 
metically sealed hybrid electronics and 
more. Ofcourse, both atrial and ven- 
tricular leads are required. 

A companion to the Byrel™ is Medtronic s 
new 5330 external pacemaker designed 
for temporary atrial, ventricular or A-V 
sequential pacing. 

In addition to its use in temporary pac- 
ing and diagnostic applications, you can 
also measure atrial or ventricular cur- 
rent stimulation thresholds with the 
5330. It can also approximate R-Wave 
potentials sensed via ventricular pacing 





Implantable atrial pacing leads. 

The unit with the short electrode spacing 
(6992A) is designed for A-V sequen- 
tial pacing. 


FOR FURTHER INFORMATION 
SEND IN COUPON AT RIGHT. 





The new Spectrax™-SX multi-program- 
mable pacemaker is now undergoing 
clinical evaluation. The first implant was 
performed on a 44-year-old man in 
Miami, Fla., in November, 1978. The in- 
vestigation has been expanded to other 
centers across the country. 

"Whenever a new pacing product is being 
developed, it creates interest in the medical 
community; says Spectrax™ marketing man- 
ager, Dennis Sellke. "But, Medtronic's 
Spectrax'" pacemaker, because of the flex- 
ibility built into its programmable modes and 
functions, has generated early and unusually 
high excitement. The Spectrax™ pacemaker 
represents significant and important techno- 
logical progress in pacing; Sellke says. 

Using the most modern micro-proces- 
sor technology, the Spectrax™-SX pace- 
maker will offer the physician atrial or 
ventricular asynchronous, atrial or ven- 
tricular inhibited, and atrial or ventricu- 
lar triggered modes. This pacemaker's 
several programmable parameters in- 
clude pacing rate (30 to 150 beats per 
minute), pulse width (.05 to 2.0 msec), 
amplitude, sensitivity, refractory and 
hysteresis. 


lead electrodes. 

Amplitude of atrial and ventricular 
output pulses is set separately by indi- 
vidual controls. You can also adjust 
ventricular sensitivity, ventricular rate 
and A-V interval. 


LEADS 

Atrial pacing requires leads designed 
to deal effectively with the insertion and 
dislodgement problems of atrial place- 
ment. Three J-shapedleads (Models 
6990 bipolar, 6991 unipolar and 6994 bi- 
polar) facilitate placement and stable 
electrode placement in the right atrial 
appendage. Two coronary sinus bipolar 
endocardial leads(Models 6992 and 
6992A) are designed for placement in 
the coronary sinus for permanent atrial 
pacing and sensing applications. The 
electrode configuration of the 6992A, 
6990 and 6994 is specifically designed 
for enhancement of A-V sequential pacing. 

Medtronic also provides a temporary, 
disposable bipolar lead (Temptron™ 
Model 6705). It features a needle/intro- 
ducer designed for easier handling dur- 
ing venous introduction. Its "push but- 
ton; detachable connector permits 
complete removal of the percutaneous 
introducer cannula. This lead has been 
used for atrial pacing from the coronary 
sinus and ventricular pacing from the 
right ventricular apex. 

Since A-V sequential pacing does not 
depend on a functional A-V conduction 
system, there are no major contraindica- 
tions to this mode of therapy. 





MEDTRONIC’ PRODUCT INFORMATION SUMMARY 


Medtronic® External Pacing Products 


Intended Use—The Model 5330 external pulse generator is intended for 
use with pacing lead systems for temporary cardiac pacing where such 
procedures are indicated for therapeutic, prophylactic or diagnostic cur- 
poses. The Model 5330 may be used for temporary atrial, ventricula- or 
A-V sequential pacing. 

Contraindications —Atrial pacing should be used only in patients with 
intact A-V conduction systems. The existence of anomalous conduction 
pathways bypassing normal A-V conduction is a potential contraindica- 
tion for atrial stimulation. In the A-V sequential pacing mode, use of :he 
Model 5330 with certain implanted lead systems may be contraindicated. 
See the 5330 technical manual for more information. 

Warnings — All electrical equipment that is used invasively or attached to 
a pacing lead system increases the patient's chances of exposure to 
potentially hazardous leakage currents. For complete information on the 
quality and degree of such exposure, consult the technical literature sup- 
plied with each product. 

Precautions — All man-made devices are subject to malfunction. Appro- 
priate standby equipment should be immediately available wren 
temporary pacing is employed. 

Potential Complications— Major potential complications related 
to temporary pacing are asystole following abrupt cessation of pacing 
and lead-system-related problems. Atrial stimulation carries, in addition, 
the potential complication of accidental high-rate ventricular stimulation 
possibly resulting in ventricular tachycardia or fibrillation. 


Medtronic® Implantable Pulse Generators 


Intended Uses—Ventricular pacing using an implantable ventricular 
pulse generator and lead system are forlong-term therapeutic control of 
heart rate in patients with impulse formation or conduction disorcers 
leading to bradyarrhythmias, tachyarrhythmias and heart block [see 
product labeling for detailed list of intended uses). Anatrial pulse 
generator is for long-term therapeutic control of heart rate in patients 
with impulse formation disorders but with intact, functioning A-V con- 
duction systems. Cardiac pacing using an implantable A-V sequential 
pulse generator is for long-term therapeutic control of heart rate 
in patients where restoration of A-V synchrony is indicated to improve 
cardiac output or to protect against arrhythmias related to sequence of 
cardiac impulse propagation. 

Contraindications — There are no known contraindications to the us2 of 
pacing as a therapeutic modality for the control of heart rate in patients 
with normal conduction systems. In certain patients with anomalies of the 
conduction system (WPW syndrome and related conditions), patients 
may be benefited or harmed by cardiac pacing. Therefore, electrophys- 
iologic studies are required prior to therapeutic application of pacing. In 
addition, the patient's age and medical condition may dictate the 
particular pacing system and implantation procedure used by the 
physician. 

Warnings — Diathermy should not be used on patients with pacemakers 
because of possible heat damage to electronic components. Electro- 
surgical units should never be used in the vicinity of unipolar pulse 
generators or bipolar pulse generators implanted in the unipolar mode 
because of danger of introducing fibrillatory currents into the heart via 
the implanted pulse generator/lead. Pulse generators may be damaged 
by defibrillatory discharges if the paddles are placed over the implanted 
pulse generator. 

Precautions — The physician Should be aware that all pulse generators 
will ultimately cease to function due to cell depletion and may fail at any 
time due to random component or battery failures which cannct be 
predicted prior to failure. Also, that the pacing system may cease to 
function at any time due to lead-related problems such as displacement, 
fracture, fibrotic tissue formation, elevated thresholds and medical com- 
plications, and that proper operation may be affected by electrical irter- 
ference from certain electrical equipment. 

Side Effects — Body rejection phenomena, including local tissue reac- 
tion, muscle and nerve stimulation, infection, erosion of pulse generetor/ 
lead through skin, transvenous lead-related thrombosis, embolism and 
cardiac tamponade. 


Medtronic* Implantable Pacing Leads and Accessories 


Intended Use— Medtronic* Implantable pacing leads are designed to be 
used with Medtronic* pulse generators as part of a cardiac pacing system 
(see product egy Sho specific directions regarding applications). 
Contraindications — Endocardial pacing leads are contraindicated in the 
presence of tricuspid valvular disease. 

Warnings — An implanted lead or lead/adaptor combination constitutes a 
direct, low resistance current path to the myocardium. During the-con- 
nection and testing procedures, only battery-powered pulse generators 
should be used with the lead system to protect against ventricular fibril- 
lation induced by alternating current leakage. Extreme caution must be 
taken to properly ground all line-powered equipment used in the vic nity 
of the patient. Lead adaptors, lead extenders and repair kits should not 
be used if the integrity of the lead is in doubt. 

Precautions— The pacing system may cease to function due to lead- 
related problems such as displacement, fracture, fibrotic tissue forma- 
tion and elevated thresholds. 

Side Effects — Body rejection phenomena, infection, erosion or migra- 
tion through body tissue, transvenous lead-related thrombcsis, 
embolism. 

How Supplied — Medtronic* permanent implantable leads and acces- 
sories are supplied sterilized and, in most cases, individually packaged. 
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Send this coupon to Medtronic, Inc., P.O. Box 1453, 
Minneapolis, MN 55440 


Dear Doctor: 


Pernaps you have already seen our 
advertisement introducing the new Bentley 
opiraflo BOS-5 Disposable Blood Oxygenator 
for pediatric and infant heart surgery. The 
BOS-5 is a smaller version of the Bentley 
Spiraflo BOS-10 Oxygenator currently being 
used for adult cardiovascular surgery. 

While our new product has gained 
world-wide acceptance, the Lil’ BOS Bear 
shown with the oxygenator has also become a big hit with young 
patients who have received this very special operation. So much so, 
that we have decided to offer the little bear to our doctor friends to give 
in turn to each of their young patients who undergo cardiovascular 
surgery using a Bentley BOS-5 Oxygenator. We believe that this little 
bear will represent something very special in each child's life. 

If you would like to have Lil’ BOS Bears available to give to 
each of your BOS-5 patients (at no cost to you), please ask your Bentley 
Representative to enroll you in our Bentley "LI' BOS Bear” program. 
Arrangements may also be made by contacting us at any of our offices. 

We at Bentley have gained much satisfaction from the 
pleasure we have given youngsters with this delightful little bear; we 
think you will too. 





This offer expires on September 30, 1979 and is limited to the 
United States, Canada and Europe. 





In U.S.A. contact: BENTLEY LABORATORIES, INC. :17502 Armstrong Avenue: Irvine, CA 92714 
Phone (800) 854-0567 (In California call 300-432-7463) 

In Europe contact: BENTLEY LABORATORIES EUROPE - Postbus 169 Engergielaan 3 
Uden, Holland - Phone 04132-66995 

In Canada contact: BENTLEY LABORATORIES, CANADA - 306201 Consumer's Road 
Willowdale, Ontario - M2J 4G8 - (416) 497-8809 (416) 497-8815 
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.. Spiraflo BOS-5 
"ediatric Blood Oxygenator 
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Just: one palihog species mis oy ar 
antiseptic can cause serious roble ns. Thi 
why scrubbing and prepping leave no room f 
compromise with the quality of an antiseptic. - 
A small difference in cost is not sie the risk. 
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POE TADINE Microbicides prombtiy kil 
po positive and gram-negative bacteria, Uncompromising™ 


ungi, viruses, protozoa and yeasts. antisepsis: for scr ubbing " 
BETADINE Microbicides have been and sph Ai 


documented specifically by name—and in the 

same formulations you employ in practice— 

in over 650 published reports encompassing | 

thousands of clinical procedures. ® 
BETADINE Microbicides were also chosen 

by NASA for disinfection procedures in Apollo 

pasara and in the Skylab mission. ® 


*In the rare instances of local irritation or sensitivity, 
.— — BETADINE Surgical Scrub*—for surgical discontinue use by the individual. 


scrubbing and patient degerming. 
— —— BETADINE Solution or BETADINE 


Aerosol Spray—for patient prepping and Purdue Frederick 
postoperative antisepsis on incisions. ©Copyright 1979, The Purdue Frederick Company/Norwalk, CT 06856 
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MHE ANNALS OF 
THORACIC SURGERY 


Volume 28 Number 2 August 1979 


Call for Abstracts, The Society of Thoracic Surgeons, page A-31 (Deadline, August 31, 1979) 


Dear Doctor: 


Perhaps you have already seen our 
advertisement introducing the new Bentley 
Spiraflo BOS-5 Disposable Blood Oxygenator 
for pediatric and infant heart surgery. The 
BOS-5 is a smaller version of the Bentley 
Spiraflo BOS-10 Oxygenator currently being 
used for adult cardiovascular surgery. 

While our new product has gained 
world-wide acceptance, the Lil’ BOS Bear 
shown with the oxygenator has also become a big hit with young 
patients who have received this very special operation. So much so, 
that we have decided to offer the little bear to our doctor friends to give 
in turn to each of their young patients who undergo cardiovascular 
surgery using a Bentley BOS-5 Oxygenator. We believe that this little 
bear will represent something very special in each child's life. 

f you would like to have Lil’ BOS Bears available to give to 
each of your BOS-5 patients (at no cost to you), please ask your Bentley 
Representative to enroll you in our Bentley "Lil' BOS Bear” program. 
Arrangements may also be made by contacting us at any of our offices. 

We at Bentley have gained much satisfaction from the 
pleasure we have given youngsters with this delightful little bear; we 
think you will too. 





This offer expires on September 30, 1979 and is limited to the 
United States, Canada and Europe. 





In U.S.A. contact: BENTLEY LABORATORIES, INC. - 17502 Armstrong Avenue : Irvine, CA 92714 
Phone (800) 854-0567 (In California call 800-432-7463) 

In Europe contact: BENTLEY LABORATORIES EUROPE - Postbus 169 Engergielaan 3 
Uden, Holland - Phone 04132-66995 

In Canada contact: BENTLEY LABORATORIES, CANADA - 306201 Consumer's Road 
Willowdale, Ontario - M2J 4G8 - (416) 497-8809 (416) 497-8815 
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The inside story of 
Stimulation threshold |. 


and QRS strength. 


As told by 
the human heart. 


Vitatest is a sophisticated testing instrument that tells 
you at a glance all the intracardiac measurements 
you need to know during lead implantation. 

It works with two rows of lights, arranged in 
vertical arrows. One lets you determine stimulation 
threshold in mA or V. Easy-to-read flashing lights 
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EDITORIALS 


Management of Asymptomatic Coronary Artery Disease 


Robert W. Anderson, M.D., and Carl E. Arentzen, M.D. 


The value of a coronary bypass operation for the 
relief of angina pectoris refractory to medical 
management is well established. Controlled 
studies have demonstrated that symptomatic 
patients with left main coronary artery disease 
have improved survival following successful 
bypass operations [13]. Recent data suggest that 
subsets of surgically managed patients with 
symptomatic multivessel coronary disease have 
improved survival relative to similar patients 
medically managed [3, 9]. In this issue of The 
Annals of Thoracic Surgery (p 113), Grondin and 
colleagues report the results of their attempt 
to determine in a small and selected group 
of minimally symptomatic or asymptomatic 
patients whether the presence of anatom- 
ical coronary artery disease is in itself an 
adequate indication for recommending bypass 
grafting. They concluded that their patients re- 
ceived little benefit from prophylactic revas- 
cularization, and based on these data, even the 
most enthusiastic surgeon will find little evi- 
dence to support surgical therapy in similar pa- 
tients. The study by Grondin and associates 
raises several important questions that appear 
to be central to the management of many pa- 
tients with coronary artery disease. Can im- 
proved diagnostic techniques be utilized to 
identify patients in whom coronary artery le- 
sions are producing ischemic heart disease, 
even in the absence of disabling clinical symp- 
toms? Once identified, can the ischemic man- 
ifestations of the coronary artery disease be 
improved by coronary bypass grafting more 
successfully than by medical management? 
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Detection of Ischemic Heart Disease in Patients 
with Coronary Artery Disease 

Asymptomatic patients with coronary artery 
disease are brought to medical attention be- 
cause of a positive exercise stress test, a history 
of a recent myocardial infarction, or a history of 
a near lethal arrhythmia. Although it can be ar- 
gued that patients who have had myocardial 
infarctions or near lethal arrhythmias are not 
truly asymptomatic, often persistent evidence 
of ischemia following infarction or arrhythmia 
cannot be demonstrated. Nevertheless, when 
such asymptomatic patients are evaluated with 
coronary arteriography, many will be found to 
have “significant” anatomical coronary artery 
disease. Although there is no doubt that coro- 
nary arteriography is a reliable indicator of the 
anatomical presence of coronary artery disease, 
it does not identify those patients in whom the 
disease is physiologically significant. 

The traditional means of determining wheth- 
er anatomical coronary artery lesions are 
producing functionally significant ischemic 
heart disease is to document a clinical history 
of angina pectoris. The asymptomatic patient 
cannot be assessed in this manner, and the 
physician must rely on other means to deter- 
mine the presence of ischemic heart disease. 
The exercise stress test has proved reliable as 
both a diagnostic and prognostic tool in 
evaluating the presence of ischemic heart dis- 
ease im patients with a suggestive clinical his- 
tory. However, the predictive value of the 
exercise stress test diminishes if asymptomatic 
patients without a history of previous cardiac 
events are examined since the specificity and 
reliability of the exercise stress test are mark- 
edly decreased in this population [1]. None- 
theless, some asymptomatic patients are 
found to have a positive stress test and there are 
data that demonstrate that both early positive 
stress tests (Stage I or II) and abnormal blood 
pressure responses to exercise testing are indic- 
ative of severe ischemic heart disease and cor- 
relate with a decreased life expectancy [6, 7]. 
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Other important noninvasive techniques are 
also available that allow more precise identifi- 
cation of patients with ischemic heart disease. 
Radionuclide perfusion scanning and radio- 
nuclide angiocardiography, particularly if 
performed during both rest and exercise, ap- 
pear to be valuable in the detection and quan- 
tification of myocardial ischemia [10, 11]. Two- 
dimensional echocardiography during rest 
and stress is currently being developed as a 
new technique. Cardiac catheterization may 
not only demonstrate anatomical coronary ar- 
tery disease but also identify ischemic man- 
ifestations by stress ventriculography and 
studies of lactate metabolism during pacing- 
induced stress [8, 12]. 

The extension of surgical indications for 
coronary bypass operations to patients with 
minimal or no clinical symptoms can be rational 
only if patients with ischemic manifestations of 
coronary artery disease can be identified. Fail- 
ure to differentiate between anatomical coro- 
nary artery disease and ischemic heart disease 
can lead only to results as discouraging as those 
reported by Grondin and associates. 


Potential Benefits of Operation in the 
Asymptomatic Patient 

If coronary bypass grafting is to be useful in the 
management of the asymptomatic patient, it 
must be demonstrated to prevent manifes- 
tations of ischemic heart disease other than 
angina pectoris. Since the natural history of 
patients with asymptomatic coronary artery dis- 
ease is unknown at this time, there is no stan- 
dard against which to compare surgical results 
in this group of patients. Available data from 
controlled studies in symptomatic patients are 
somewhat disquieting: none of them have 
demonstrated a decrease in the incidence of 
myocardial infarction or serious arrhythmias in 
the surgically treated patients [2, 4, 9]. How- 
ever, these studies may not be entirely relevant 
since selection criteria were based solely on 
clinical and anatomical data. That improved 
longevity in the surgical patients with left main 
obstruction has been observed and that recent 
data strongly suggest a similar improvement in 
patients with multivessel disease provide evi- 
dence that those patients who are the most 


likely to demonstrate severe ischemia by physi- 
ological study are the group most benefited by 
revascularization. 


Possible Risks of Prophylactic Coronary 
Bypass Grafting 

The risks of prophylactic coronary bypass 
grafting can be separated into the perioperative 
and long-term risks. The perioperative risks 
consist of operative mortality and perioperative 
myocardial infarction. In the series of asymp- 
tomatic patients of Grondin and his colleagues, 
there was no operative mortality but the inci- 
dence of perioperative myocardial infarction 
was approximately 4%. Thus, prophylactic 
coronary bypass grafting is not without an early 
risk to the patient, which must be weighed 
against the potential benefits. 

The important long-term risks of coronary 
bypass grafting consist of graft closure and ac- 
celeration of the atherosclerotic process. The 
patient who undergoes prophylactic coronary 
bypass grafting and is seen soon after operation 
with no patent grafts represents a serious 
problem. The disappointingly large number of 
patients who had no grafts patent at one year as 
reported by Grondin and co-workers em- 
phasizes this point. In addition to graft occlu- 
sion, there is the reported phenomenon of ac- 
celeration of the atherosclerotic process in the 
native circulation. Most studies indicate that 
the progression of disease takes place proximal 
to the coronary bypass graft [5], and, thus, the 
distal coronary bed becomes more dependent 
on the bypass graft and therefore more subject 
to catastrophic events should the graft become 
occluded. 


Conclusion 

Since the natural history of patients with 
asymptomatic coronary artery disease is un- 
known, studies to evaluate medical and surgical 
therapy must be based on the physiological 
manifestations of ischemia rather than the 
anatomical presence of coronary artery disease. 
Data from controlled studies in patients with 
stable angina indicate that coronary bypass 
grafting decreases the sequelae of ischemic 
heart disease in those subsets of patients who 
also have a greater prevalence of profound 
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physiological derangements due to isch- 
emia—patients with left main obstruction 
and multivessel disease. More precise methods 
of patient selection are now available to identify 
patient populations, both symptomatic and 
asymptomatic, who are more likely to benefit 
from revascularization because of quantifiable 
physiological abnormalities resulting from 
ischemia. The report of Grondin and associates 
clearly demonstrates the danger of equating 
anatomical coronary artery disease with isch- 
emic heart disease in the absence of clinical 
symptoms. The potential benefits of myocardial 
revascularization in such patients can be estab- 
lished only if a careful selection process is used 
to designate those patients with physiological 
evidence of ischemia, if it can be shown that the 
ischemia can be reversed by revascularization 
more successfully than by other therapy, and if 
successful reversal of the ischemic process can 
decrease the long-term sequelae of ischemic 
heart disease. 
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The Treatment of Achalasia: 


Mark B. Orringer, M.D. 


The experience of the Mayo Clinic in the treat- 
ment of 899 patients with achalasia, reported by 
Dr. Okike and associates (this issue, p 119), 
represents the largest such series ever reported. 
This monumental work unquestionably estab- 
lishes the superiority of esophagomyotomy 
over forceful dilation in relieving the esoph- 
ageal obstruction of achalasia. Not only is 
esophagomyotomy safer (perforation occurs four 
times more often with dilation—4% versus 
1%), but it is also more reliable, providing ex- 
cellent to good relief of dysphagia in 85% of 
patients compared with 65% in patients treated 
with hydrostatic dilation. 

Nevertheless, I believe that there still remains 
some room for doubt that esophagomyotomy 
should be the primary form of therapy for most 
patients with achalasia. It must be remembered 
that the etiology of achalasia remains obscure, 
and that the treatment of this condition is not 
curative. The chief characteristics of this 
disease—the failure of the lower esophageal 
sphincter mechanism to relax with deglutition 
and the lack of peristalsis throughout the body 
of the esophagus—persist after the distal ob- 
struction is relieved. Thus, regardless of the 
modality of therapy, the result is strictly pallia- 
tive. 

Good to excellent palliation is possible in 
65% of patients with achalasia without thora- 
cotomy, and 4 out of 5 respond to one dilation. 
Also, Okike and associates point out that “‘pa- 
tients who have failed to benefit from forceful 
dilation seem to respond to esophagomyotomy 
as well as if they had not had previous treat- 
ment." Would it then not seem reasonable to 
reserve esophagomyotomy for those patients in 
whom the initial dilation has failed? Unfortu- 
nately, there are no substantive data on the fre- 
quency with which forceful dilation produces 
intramural esophageal hemorrhage and fibrosis 
to the degree that subsequent performance of a 
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Controversy Resolved? 


myotomy is not possible, but this occurrence 
must be quite rare. Experimentally, bilateral 
destruction of the dorsal motor nucleus of the 
vagus nerve in the cat [4] and bilateral cervi- 
cal vagotomy in dogs [5] have produced 
esophageal dilatation resembling achalasia. 
Perhaps with these animal models, the effect of 
forceful dilation on subsequent myotomy could 
be more objectively determined in the labora- 
tory. 

At present, the compelling argument for 
favoring esophagomyotomy over dilation is the 
greater incidence of perforation with the latter. 
In the Mayo Clinic series, however, only half of 
the esophageal tears from dilations required 
operative treatment, and the 2 deaths after di- 
lation could not be directly related to the proce- 
dure itself. Perforations following forceful dila- 
tion, then, are seldom fatal. When hydrostatic 
dilation results in a perforation, the tear is usu- 
ally longitudinal, 2 to 3 cm long, and just 
proximal to the esophagogastric junction on the 
left lateral esophageal wall [8]. If the tear is rec- 
ognized promptly, it is a relatively uncompli- 
cated matter to close the esophageal injury in 
two layers (mucosal and submucosal and then 
muscular) and then rotate the esophagus so that 
an esophagomyotomy can be performed 180 
degrees from the tear on the opposite side. It 
appears that little would be lost if patients with 
achalasia underwent forceful dilation under 
carefully controlled conditions. This would 
allow prompt diagnosis of a perforation and 
performance of an operation when required. 
Esophagomyotomy would be reserved for those 
patients in whom dilation was unsuccessful. 
Such an approach would be relatively unor- 
thodox for thoracic surgeons, but the merits of 
dilation as a palliative procedure, which the 
Mayo Clinic data themselves document, sug- 
gest that this might not be so unreasonable. 
What other operation for palliation of dys- 
phagia can we perform with a good to excellent 
result of 65% and a mortality of 0.5%? 

It has been suggested that the retention 
esophagitis of achalasia, which results from 
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mucosal contact with the stagnant, putrefying 
esophageal contents, can lead to metaplasia and 
eventually carcinoma in approximately 10% of 
patients [1]. This predisposition toward malig- 
nancy apparently is unaffected by relief of the 
esophageal obstruction and warrants routine 
subsequent follow-up with barium swallow, 
esophagoscopy, and cytological evaluation. 
Unfortunately, no mention is made of the fre- 
quency, if any, with which this long-term com- 
plication of achalasia occurred in the present 
series. It is to be hoped that the Mayo Clinic’s 
characteristically meticulous evaluation of pa- 
tients will provide further clarification of the 
true “premalignant” nature of achalasia. 

The final question addressed by the Mayo 
Clinic report is the need for an antireflux oper- 
ation in association with an esophagomyotomy 
performed for achalasia. Since Heller [5] de- 
scribed in 1913 the use of double incisions 
across the esophagogastric junction, advocates 
of various modifications of the number of inci- 
sions and extent of the esophagomyotomy have 
polarized into two “camps.” On the one hand 
are those who believe that complete relief of the 
obstruction caused by the uncoordinated lower 
esophageal sphincter can be achieved only by 
rendering it incompetent. The gastric extension 
of the myotomy required by this approach 
makes reconstruction of the esophagogastric 
junction compulsory to prevent reflux and its 
complications. This is supported by a 20 to 
25% reported incidence of reflux after esoph- 
agomyotomy in some series [6, 7]. The Mayo 
Clinic, on the other hand, has long champi- 
oned a limited distal myotomy for achalasia 
and maintains that an incision that extends 
onto the stomach only a few millimeters 
does not disrupt the sphincter enough to 
cause gastroesophageal reflux and adequately 
relieves the esophageal obstruction. The data 
reported by Okike and associates indicate only 
a 3% incidence of late serious complications of 
gastroesophageal reflux among the 456 patients 
undergoing myotomy. Thus, they conclude that 
routine incorporation of an antireflux operation 
with myotomy is not generally warranted. 

The ‘‘modern era" of esophageal surgery has 
begun to stress objective documentation of 
esophageal pathology. Manometric evaluation 


of the esophagus began at the Mayo Clinic with 
Dr. Charles Code [2]. More recently, availability 
of the intraesophageal pH electrode has pro- 
vided the most sensitive indicator of lower 
esophageal sphincter competence. I can accept 
classifying the results of relief of esophageal 
obstruction in achalasia according to the pres- 
ence and frequency of dysphagia reported after 
operation. That 85% of patients undergoing 
esophagomyotomy had good to excellent sub- 
jective relief of dysphagia is an important ob- 
servation, but it has little significance in the 
assessment of the percentage of these patients 
in whom abnormal gastroesophageal reflux de- 
veloped after operation. Three percent of the 
patients in this series had late serious compli- 
cations of gastroesophageal reflux. But what of 
the patients whose reflux was not perceived as 
typical heartburn or indigestion because of the 
abnormal neurological status of the esophagus? 
A recurring theme becomes apparent when 
evaluating the data on any large series of pa- 
tients undergoing esophageal operations—we 
must have objective data. Only with preoperative 
and postoperative esophageal manometry and 
acid reflux testing can valid statements about 
the degree of reflux induced by esophago- 
myotomy be made. Neither lack of a stricture 
nor absence of typical symptoms of reflux ex- 
cludes the presence of ulcerative esophagitis 
or reflux without ulceration. It is unfortu- 
nate that the large series of patients discussed 
by Okike and associates has been assessed 
almost exclusively in terms of subjective 
relief of dysphagia. While this is obviously vital 
in discussing the results of treatment for 
achalasia, it provides little justification for their 
conclusion that the incidence of significant sur- 
gically induced reflux in this group is small. 
The controversy surrounding the treatment of 
achalasia continues. If the Mayo Clinic’s techni- 
cal expertise in forceful hydrostatic dilation 
were more widely available, this method would 
seem to be a logical first alternative in most pa- 
tients with achalasia. Because few individuals 
have had adequate experience with the proce- 
dure, however, esophagomyotomy is clearly a 
more reliable and a safer means of treating this 
condition in most institutions in the United 
States. Finally, the incidence of gastro- 
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ABSTRACT Percutaneous transluminal dilation 
(PTD) of coronary artery stenosis is performed by 
means of a balloon-tipped catheter introduced from 
a peripheral artery. It was attempted in 45 patients; 
stenosis was passed in 33 and was successfully di- 
lated in 28 patients (62%). The method failed in 17 
patients: in 6 of them an abrupt closure of a stenosed 
artery or a beginning infarction necessitated an 
emergency revascularization. There were no deaths 
or serious complications, but an infarction de- 
veloped in 1 patient despite immediate bypass 
grafting. PTD was successful in 5 out of 7 patients 
who had recurrent angina after previous coronary 
bypass grafting: in 2 of them stenosis of a distal 
coronary artery and in 3 a stenosed bypass graft were 
dilated. PTD is a new method of treatment of coro- 
nary artery disease and is an addition rather than an 
alternative to coronary bypass grafting. The best re- 
sults can be expected in patients with single-vessel 
disease, with a short history of angina (less than 1 
year), and with narrow, noncalcified proximal ste- 
nosis. Some late complications of bypass grafting 
are also amenable to this method of treatment. 


Percutaneous transluminal dilation (PTD) of 
stenosed coronary arteries was introduced by 
Gruntzig in 1978 [3]. This method represents a 
modification of the work of Dotter and Judkins 
[2] for treatment of arteriosclerotic stenoses in 
the peripheral arterial system. The validity 
of this new concept—dilation of a coronary 
stenosis by means of a percutaneously intro- 
duced balloon catheter—was demonstrated ex- 
perimentally in 1976 [5], and the method was 
released for clinical use in the summer of 1977. 
This communication summarizes the clinical 
results with PTD through December, 1978, and 
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attempts to define the role of the surgeon in this 
contrcversial new procedure. 


Material 

Through December, 1978, a total of 45 patients 
ranging in age from 34 to 67 years (mean, 
50 years) underwent PTD of a coronary ste- 
nosis. The patients were informed that they 
were participating in a new experimental pro- 
cedure and consented to an operation if it 
should become necessary. In 27 patients sin- 
gle-vessel disease was found: it involved the 
left anterior descending coronary artery (LAD) 
in 23, left main coronary artery in 1, circumflex 
coronary artery in 1, and right coronary artery 
(RCA) in 2 patients. Double-vessel disease was 
found in 9 and triple-vessel disease in 2. In 7 
patients who had previously undergone 
aortocoronary bypass (ACB), postoperative 
catheterization disclosed various degrees of 
stenosis in the grafted vein or distal coronary 
artery; they underwent PTD of the stenosed 
bypass graft or of the native coronary circula- 
tion. Intraoperative dilation of the stenosis of 
the distal or proximal coronary artery was at- 
tempted in another 6 patients undergoing ACB. 


Method 

PTD is accomplished by means of a double- 
lumen balloon catheter introduced through the 
femoral artery by the Seldinger technique. The 
technical details have been reported elsewhere 
[4]. Briefly, a thin double-lumen balloon cath- 
eter is positioned in the coronary stenosis, 
inflated for 4 to 5 seconds, and immediately af- 
terward deflated and withdrawn. The mecha- 
nism of dilation seems to work as follows: The 
nonelastic atheromatous material can be com- 
pressed into the vessel wall, probably with 
some escape of fluid into the lumen of the ves- 
sel. There is no evidence of distal embolization, 
and nothing is torn in the arterial wall. There is 
a definite reduction of the mass of the ather- 
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oma, probably due to escape of fluid through 
the vessel wall or into the bloodstream. 

The success of the procedure is graded by 
cineangiography (decrease in the degree of 
obstruction), disappearance of ischemia as re- 
vealed by thallium scintigraphy, and increase 
in maximal working capacity as recorded on a 
bicycle ergometer. In all patients, repeat coro- 
nary angiography is performed 6 to 8 months 
after PTD to verify the late effects of the pro- 
cedure. 

When complications or failure of PTD oc- 
curred, emergency or elective ACB grafting 
was performed using a disposable bubble oxy- 
genator and moderate body hypothermia (28 
to 30°C). Potassium cardioplegia and irri- 
gation of the pericardial cavity with ice-cold 
saline solution were used for myocardial pro- 
tection. Serial creatine phosphokinase (CPK) 
and CPK-MB determinations and electrocar- 
diograms were obtained in all patients after 
operation. When emergency revascularization 
was necessary, the attempt was made to open 
the chest and put the patient on cardiopulmo- 
nary bypass as rapidly as possible. 

Dilation of stenosis of the proximal or distal 
coronary artery was also attempted during 
elective ACB through the arteriotomy of the 
coronary artery. A shorter (20 cm) version of the 
balloon catheter with an outer diameter of 1.2 
mm (deflated) and 2 to 2.5 mm (inflated) was 
passed through the stenosis under digital guid- 
ance and the balloon was inflated for 5 to 10 
seconds. After dilation, a standard saphenous 
vein grafting was performed. 


Indication for PTD 

Patients undergoing PTD should be sufficiently 
symptomatic to warrant the procedure. They 
should have either limiting angina in spite of 
adequate drug therapy or critical, symptomatic 
proximal narrowing of a major coronary vessel. 
They should have a short history of angina (less 
than 1 year); in patients with longer duration of 
symptoms, the stenosis is too rigid to be di- 
lated. The stenosis should be proximal, concen- 
tric, and preferably short (< 10 mm), without 
any calcification. Based on our present ex- 
perience, we believe that patients with single- 
vessel disease represent the best candidates for 


PTD. Patients with multiple-vessel disease are 
at grave risk if sudden occlusion of a major 
coronary artery occurs during PTD. These pa- 
tients are unable to increase the collateral flow 
to the obstructed artery due to the concomitant 
stenosis of other coronary arteries. 


Results 

Overall Results of PTD 

Through 1978 PTD had been tried in 45 pa- 
tients. The stenosis could be passed with a 
catheter in 33 patients and was impossible to 
pass in 12 (Fig 1). In the 33 patients in whom 
stenosis was passed with the dilatation cathe- 
ter, PTD was successful in 28, yielding an over- 
all success rate of 62%. In 4 of the dilated pa- 
tients, PTD resulted in acute obstruction of the 
previously stenosed artery or further narrowing 
of the vessel. This precipitated either refractory 
angina or a beginning infarction, as evidenced 
by the T wave and S-T segment changes on the 
ECG. In these 4 patients, an emergency ACB 
was performed as soon as the complication was 
recognized. In 1 patient with unstable angina, 
the stenosis of the LAD could not be passed; he 
continued to have angina pain and ACB was 
performed the next day. 

The greatest proportion of coronary stenoses 
that were successfully passed with the catheter 
were localized in the LAD (28), followed by the 
RCA (8), the circumflex coronary artery (1), and 
the left main coronary artery (1). 

In the group of 12 patients in whom stenosis 
could not be passed, 3 patients underwent 
emergency ACB. In 2 of these 3, the ECG 
showed evidence of infarction during or shortly 
after the procedure and ACB grafting was done 


Fig 1. Total experience with percutaneous transluminal 
dilaticn (PTD). (pat. = patients; ACB = aortocoronary 
bypass; * = 1 patient does not represent a complication 
of PTD.) 


PTD attempted 
45 pat. 


stenosis passed (33 pat. = 73 %) stenosis not passed (12 pat. = 27 %) 
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emergency ACB 
4 pat. 


elective ACB 
9 pat. 


emergency ACB 
3 pat. 


primary success 
28 pat. = 62 % 


elective ACB 
l pat. 
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immediately. The other patient had a week’s 
history of unstable angina; dilation was not 
successful, and it was considered safer to per- 
form an immediate bypass graft. However, this 
patient does not represent a complication of 
PTD. In the remaining 9 patients, elective ACB 
was performed several days or weeks after PTD. 

The success of PTD in reducing coronary 
stenosis has been the subject of previous re- 
ports [3]. PTD does not eliminate the coronary 
stenosis, but does result in a marked reduction 
of the degree of coronary artery narrowing. In 
the 28 patients successfully treated, the stenosis 
was reduced from 83 to 34% of the vessel 
diameter (significant at p < 0.001, paired * test), 
and this was accompanied by an increased work- 
ing capacity from 91 to 133 watts (significant 
at p < 0.001). In 11 out of 13 patients who 
underwent coronary angiography 6 to 8 months 
after PTD, persistent patency of the dilated 
stenosis without evidence of recurrence was 
found. Two patients were considered long-term 
failures; in 1 a second PTD was performed, and 
the other had ACB grafting. 


Complications of PTD 

In 6 patients the attempted or accomplished 
PTD resulted in serious complications neces- 
sitating emergency ACB grafting (Table). All 6 
made an uneventful recovery. In 5 the begin- 
ning infarction was prevented by prompt ACB 
grafting, and in the other an infarction occurred 
despite immediate operation. The following 
case reports briefly describe the problems en- 
countered. 


Emergency Revascularization after PTD 


PATIENT 1. A 57-year-old woman had ex- 
treme narrowing of the dominant RCA. PTD 
was attempted but the stenosis was too rigid to 
be dilated. Thirty minutes after PTD, she 
experienced massive refractory angina; signs of 
ischemia on the posterior wall and in leads V, 
through V; (S-T segment elevation and a high- 
peaked T wave) appeared. Immediate revas- 
cularization was performed. The RCA showed 
massive arteriosclerotic plaques and only 
minimal proximal inflow but no thrombi. The 
postoperative course was uneventful, the ECG 
remained unchanged, and enzyme determina- 
tions showed no evidence of myocardial in- 
farction. 

PATIENT2. A 52-year-old woman had severe 
angina with extremely narrow, eccentric, short 
stenosis (Fig 2). Shortly after inflation of the 
balloon catheter, the flow in the LAD was ob- 
served to diminish and finally cease com- 
pletely. The patient complained of severe chest 
pain; on ECG, ischemia of the anterior wall from 
leads V, through V; with S-T segment elevation 
and T wave inversion was noted. Immediate 
bypass grafting to the LAD was performed. The 
vessel showed no macroscopic abnormalities 
and no thrombi. An additional stenosis of the 
distal LAD was dilated during the operation 
and a saphenous vein graft was placed. The 
postoperative CPK and CPK-MB values were 
moderately elevated.* The postoperative ECG 


"Normal postoperative values of CPK in our unit are less 
than 200 U for CPK and less than 10 U for CPK-MB after 
uncomplicated ACB. Normal values for healthy volunteers 
are less than 50 U for CPK and less than 10 U for CPK-MB. 


—————— 


Maximum Postop. Enzyme Values 





Patient New Q Wave in ECG 
No., Age CPK CPK-MB 

(yr) Localization (normal, < 50 U) (normal, < 10 U) Postop. After 10 Days 
1.57 RCA 71 «1 — — 

2.92 LAD 436 26 + — 

4. 54 LAD 495 vd + -— 

4. 52 LAD + RCA 122 12 — — 

5. 46 LAD 850 74 + + 

6.. 50 LAD + RCA 75 <1 — — 


PTD = percutaneous transluminal dilation; CPK = creatine phospbokinase; MB = myocardial band; ECG = electrocardio- 
gram; RCA = right coronary artery; LAD = left anterior descending coronary artery. 
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Fig 2. (Patient 2.) (A) Severe stenosis of the proximal 
left anterior descending coronary artery (LAD) before 
dilation. Stenosis is marked by arrow. (B) The same site 
after percutaneous transluminal dilation. Arrows point 
to the area of dissection. Several minutes later, the LAD 
was completely blocked, and an electrocardiogram 
revealed ischemia of the anterior wall. (LCX = left 
circumflex artery.) 


showed Q waves in leads V, through V; but the 
R waves gradually reappeared within the next 
few days; the patient was discharged on the 
tenth postoperative day, with a normal ECG. 
PATIENT 3. A 54-year-old man had a critical 
narrowing of the LAD, which was passed with 
the guide wire but could not be passed with the 
balloon catheter. Several hours after the proce- 
dure, precordial pain developed and did not re- 
spond to analgesics and nitroglycerin. An ECG 
showed the new Q wave in lead V,, with S-T 
segment elevation in leads V, through V,. The 
operation was started 4 hours after the onset of 
pain; the LAD showed diffuse arteriosclerosis 
but no recent thrombi or dissections. A sa- 
phenous vein graft was placed, and the pa- 
tient made an uneventful recovery. The post- 
operative CPK values were elevated and the 
first postoperative ECG showed the persisting 
Q wave in leads V, and V4; the R waves gradu- 
ally appeared in leads V, and V;. The patient 


was discharged on the tenth postoperative day, 
with a normal ECG. 

PATIENT 4. A 52-year-old man with severe 
stenosis of the proximal LAD and a ste- 
nosed posterior marginal branch of the RCA 
had undergone PTD; immediately after infla- 
tion of the balloon catheter, angiography 
showed total obstruction of the LAD. The pa- 
tient complained of severe chest pain, and ven- 
tricular fibrillation occurred eight minutes after 
LAD obstruction. Direct-current shock restored 
sinus rhythm but severe pulmonary edema 
appeared, and the patient was immediately 
transferred to the operating room. A saphenous 
vein bypass to the LAD was placed; a con- 
comitant stenosis of the RCA could not be 
bypassed because of diffuse arteriosclerosis. 
The patient made an uneventful recovery and 
the enzyme determinations remained normal; 
the ECGs did not change. 

PATIENT 5. A 46-year-old man underwent 
PTD of stenosis of the proximal LAD. At first, 
the procedure was considered successful. Two 
hours after PTD, however, massive refractory 
chest pain with S-T segment elevation in leads 
V, and V, was noted. Emergency ACB grafting 
to the LAD was performed but the ventricle was 
edematous and discolored. The patient sus- 
tained an anterior wall infarction, with elevated 
CPK and CPK-MB enzyme determinations and 
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A 


Fig 3. (Patient 6.) (A) Severe stenosis of the proximal 
left anterior descending coronary artery (LAD) and (B) 
narrowing of the right coronary artery (RCA) in a 50- 
year-old patient before attempted percutaneous trans- 
luminal dilation. Stenoses are marked by arrows. (LCX 
= left circumflex artery.) 


with the appearance of new Q waves in leads V, 
through V3. 

PATIENT 6. A 50-year-old man had prox- 
imal narrowing of the RCA and LAD (Fig 
3). The balloon catheter could not be passed 
through the RCA stenosis; after withdrawal of 
the catheter, total closure of the RCA was ob- 
served (Fig 4). Chest pain developed and there 
was ECG evidence of a posterior infarction. 
Emergency ACB grafting to the RCA and LAD 
was performed. Postoperative enzyme deter- 
minations were low and the ECG showed no 
evidence of infarction. 


PTD in Patients with Previous ACB 

In 7 patients with recurrence of angina after 
ACB grafting, postoperative angiograms dis- 
closed stenosis of the saphenous vein graft or 
the native circulation distal to the ACB. The 
stenosed bypass graft was successfully dilated 
in 3 patients, with an improvement in blood 
flow and an increase in work capacity as mea- 
sured on a bicycle ergometer (Fig 5). In 2 pa- 





tients the stenosis of the bypass graft could not 
be dilated. In the remaining 2 patients with a 
stenosed coronary artery distal to the ACB, PTD 
of the stenosis was successfully accomplished. 


Intraaperative Dilation of Coronary Stenosis 
Following the clinical success of PTD, the same 
method was tried in 6 patients for intraopera- 
tive dilation of stenosis of the distal or proximal 
coronary artery through the arteriotomy for 
placement of ACB grafts. The primary indica- 
tion was a second distal stenosis of the LAD or 
the posterior marginal branch of the RCA. Be- 
cause early postoperative angiography did not 
show any significant reduction of the stenosis, 
this method has been abandoned at present. 


The Role of the Surgeon in PTD 

This new procedure for treatment of stenosis of 
the coronary artery was developed and is being 
performed by cardiologists. Nevertheless, close 
cooperation with cardiovascular surgeons is 
necessary to ensure its optimal success. As 
presently practiced at the University Hospital 
in Zurich, the surgeon’s task can be defined as 
follows: 


1. Indication: The decision to offer PTD or oper- 
ative treatment of coronary artery stenosis 
should be a joint one, reached by both sur- 
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geon and cardiologist. The patient should 
have sufficient symptoms to warrant the 
procedure, should be informed about its 
risks, and should consent to an emergency 
operation if it should be necessary. The pa- 
tient should be in operable condition with 
respect both to ventricular function and gen- 
eral condition. The decision to perform PTD 
should not be dictated by the coronary 
anatomy alone: a patient with an inoperable 
bronchial carcinoma and severe angina was 
greatly improved by PTD, but would repre- 
sent a most unsuitable candidate for open- 
heart operation. Our present experience also 
shows that PTD in double- and triple-vessel 
disease carries a considerably higher risk 
than in single-vessel disease: the inability to 
increase the collateral blood flow puts such 
patients at grave risk if PTD should result in 
Fig 4. (Patient 6.) Closure of the right coronary artery sudden obstruction of the coronary artery. 
(RCA) after manipulation with a balloon catheter. In- 2. Treatment of Complications: Cardiac surgical 
fition oso atempfed bonus th cut could vot” standby is mandatory during PTD because 
i this procedure carries a risk of sudden coro- 
nary obstruction with concomitant infarc- 
tion. In our present experience, 13% of the 
Fig 5. (A) Stenosis of the saphenous vein graft after patients undergoing PTD had emergency 


aortocoronary bypass (ACB) grafting to the left anterior . we l 
descending coronary artery (LAD) in a 55-year-old man ACB grafting for complications of PTD; only 


8 months after the operation. (B) Successful percutane- rapid surgical intervention prevented the 
ous transluminal dilation of the stenosis. development of a coronary infarction in 5 out 
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of 6 patients. Some minor myocardial dam- 
age probably occurred in 2 out of 5 success- 
fully grafted patients, as reflected by mod- 
erately elevated CPK values. Even prompt 
surgical intervention did not completely 
prevent myocardial infarction in 1 of our 
patients, although he was revascularized 14/2 
hours after the onset of chest pain. ECG and 
enzyme determinations showed a persisting 
infarction, which agrees with the experience 
of other authors [1]. 

3. Treatment of PTD Failures: The procedure 
does fail in a certain number of patients and 
the decision about additional treatment 
must be reached. The situation is relatively 
simple when sudden vascular obstruction 
occurs because immediate revascularization 
is mandatory. On the other hand, some pa- 
tients still are not proper surgical candidates 
after PTD: the coronary disease is still active, 
they usually show single-vessel involve- 
ment, and they also can be managed by 
medical therapy alone. The decision is dic- 
tated by the age and general condition of the 
patient, by the coronary anatomy, and by 
the patient's own preference. 

4. Referral of Surgical Patients for PTD: Some 
patients who have ACB grafting can be can- 
didates for PTD of late complications. Our 
experience shows that dilation of a stenosed 
saphenous vein graft or distal coronarv ar- 
tery is possible by the percutaneous tech- 
nique and that PTD represents a considera- 
bly simpler solution than a new open-heart 
procedure. Frank surgical errors of the 
proximal or distal anastomoses probably will 
not be amenable to PTD, but late stenosis of 
the implanted saphenous vein segment can 
be dilated, with improvement in blood flow 
and disappearance of angina. Even if the 
stenosed bypass graft cannot be dilated, the 
native coronary circulation might still be 
amenable to PTD and the patient can be 
spared another open-heart procedure. 


Comment 

PTD is a new method of treatment for coronary 
artery disease and represents an addition rather 
than an alternative to coronary bypass grafting. 
The contraindications to PTD are numerous, 


and a substantial proportion of patients with 
operable coronary stenosis cannot undergo 
PTD. This method is not applicable in long- 
standing disease of more than 6 to 12 months' 
duration because the stenosis will become too 
rigid to be dilated. Furthermore, even patients 
with short history can have rigid stenosis that 
cannot be dilated and must have ACB grafting. 
Complete occlusion of the coronary artery is 
another contraindication to PTD, as is calcifica- 
tion of the artery. There are numerous anatom- 
ical limitations that preclude the successful 
application of PTD, such as the kinking of 
coronary arteries and local dilatation before 
stenosis, and technical difficulties can prevent 
the exact placement of a catheter in the stenosis. 
An eccentric stenosis is another relative con- 
traindication to PTD because the guide catheter 
can easily penetrate the atheroma instead of 
going through the stenosis: PTD then results in 
dissection of the vessel wall, with a consecutive 
total occlusion. The multiple-vessel involve- 
ment represents an unsolved problem: it is pos- 
sible to dilate one or two stenoses but the risk is 
considerably greater compared with single- 
vessel disease. In the second part of our PTD 
series, a large preponderance of patients with 
single-vessel disease with stenosis of the 
proximal LAD or RCA was noted because they 
represent the optimal candidates for this 
procedure. 

Is PTD an alternative to coronary bypass 
grafting? The answer is not simple: in some pa- 
tients both PTD and operation are possible and 
the decision must be made on an individual 
basis. However, PTD should be reserved for 
patients whose symptoms have lasted only a 
short time, whose coronary disease is not yet 
stable, and for whom surgical intervention is 
probably too early. These patients should have 
PTD first, provided the disease is anatomically 
suitable for this treatment; a premature open- 
heart procedure might result in recurrence of 
symptoms after a period of time due to the de- 
velopment of new arteriosclerotic plaques in 
other coronary vessels. Therefore, we consider 
PTD as first-stage treatment for coronary ste- 
nosis; the method provides a variable period 
of relief for the patient, but in a certain number 
of patients, coronary bypass grafting will be 
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Fig 6. Staged approach to coronary artery disease 
(stable angina). (PTD = percutaneous transluminal di- 
lation; ACB = aortocoronary bypass.) 


necessary later. The long-term effects of this 
procedure cannot be judged at present; never- 
theless, the benefit was sustained in 11 out of 13 
patients 6 months after the original dilation. 
These considerations have led to a staged ap- 
proach to coronary artery disease at present at 
the University Hospital in Zurich (Fig 6). In pa- 
tients with stable angina who undergo cinean- 
giography, the decision is based on anatomical 
localization, duration of symptoms, and the 
patient’s own preference; in patients with 
multiple-vessel disease, bypass is performed in 
all suitable candidates and medical treatment is 
reserved for patients with major contraindica- 
tions. PTD is applicable in only a very small 
proportion of patients with multiple-vessel in- 
volvement, and, indeed, its use in such patients 
is, at present, somewhat questionable. Patients 
with single-vessel involvement who are con- 
sidered suitable for percutaneous dilation have 
this procedure. The complications are treated 
early and in cases of failure the decision 
whether to continue the conservative manage- 
ment or to perform elective operation is made 
on an individual basis. If the patient with 
single-vessel disease is unsuitable for PTD, 
again an individual decision is reached either 
to perform operative or to continue conserva- 
tive management. 

Percutaneous dilation will never be entirely 
free from risks, and the procedure should be 
always performed with surgical standby. The 
manipulation of a catheter in a very narrowed, 
stenosed vessel can result—even without any 


attempt at balloon inflation—in a sudden ces- 
sation of blood flow and beginning infarction, 
as happened in 2 out of 6 emergency operations 
in our series. Complications occurring either 
during or shortly after the procedure should be 
treated with aggressive surgical management, 
which can prevent major infarction in a large 
proportion of patients. 
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Discussion 

DR. EUGENE WALLSH: (New York, NY): I would like to 
congratulate Dr. Turina and his group for pioneering 
what we at Lenox Hill Hospital believe is a very im- 
portant and exciting addition to the treatment of 
coronary artery disease. Our data support the effec- 
tiveness of coronary dilation in selected patients. 
Our work parallels that from Zurich, with certain ex- 
ceptions. 

In our catheterization laboratory Dr. Simon Stert- 
zer has performed or attempted 35 dilations, with 
60% primary success as demonstrated angiographi- 
cally. The mean gradient abolished was 63 mm Hg. 
There has been no mortality, and no acute occlusions 
have occurred. After the procedure 62% of the pa- 
tients became and remained totally symptom free, 
and 3396 were markedly improved. In contrast to the 
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Zurich group, 60% of our patients had multiple- 
vessel disease. 

Also in contrast to the Zurich experience, we have 
been quite surprised and pleased with the results of 
angioplasty done in the operating room. In conjunc- 
tion with bypass grafts, 16 patients have received a 
total of 23 angioplasties through the distal ar- 
teriotomy site. We have had no operative deaths and 
no intraoperative infarctions. Nine of the 16 patients 
were restudied. Of the 13 lesions dilated in these 
patients, only 2 were found to be unsatisfactory. The 
most striking examples of satisfactory dilation were 
seen in the distal obstructions. These were found to 
be widely patent in the postoperative angiographic 
study. 

Our technique for performing intraoperative 
angioplasty consists of dilating through the distal 
coronary arteriotomy. The heart is maintained nor- 
mothermic and beating, with only partial cardiopul- 
monary bypass support. The left atrial pressure is 
continuously monitored as is the surface cardiogram 
in the distribution of the operated vessel. Following 
the dilation attempt, a temporary intracoronary 
shunt is used to restore the intrinsic coronary blood 
flow during completion of the distal anastomosis. 

At the present time, we think it justified to try to 
dilate any palpable lesion that has angiographic 
conformation as an obstructing plaque. We also try to 
dilate any proximal lesions creating blind obstructed 
segments inhibiting effective runoff. 

Currently, we do not try to dilate isolated proximal 
lesions, nor do we attempt to dilate diffusely cal- 
cified, long segments. When possible, an endar- 
terectomy and bypass are done. 


DR. EMIR A. ZIKRIA (Pittsburgh, PA): We began using 
this procedure after Dr. Griintzig reported his 
rather successful results. The first time was in 
January, 1978. A 40-year-old man had had a suc- 
cessful saphenous vein coronary bypass to the left 
anterior descending coronary artery 4 years before 
we saw him. In the last 6 months before admission, 
he became progressively incapacitated with angina, 
was on a regimen of 25 tablets of nitroglycerin a day, 
and was not able to work. 

A cineangiogram revealed 95% stenosis in the 
graft about 14/2 cm proximal to the anastomosis. We 
passed a guide wire through the graft and stenotic 
area and into the coronary artery. The catheter was 
threaded over the guide wire through the stenotic 
area. Injection after dilation by the catheter showed 
that the stenosis was almost completely relieved. The 
patient returned to full work and has had no symp- 
toms. 

Since that time, we have performed transluminal 
dilation on 12 patients between 40 and 70 years old. 
In 5 of them, significant dilation of stenotic segments 
was accomplished, with dramatic improvement of 
symptoms. However, we had 7 failures. 


Our technique has been to pass a small guide wire 
across the stenotic segment and then gradually pass 
larger dilation catheters over the guide wire to dilate 
the stenotic segment. The main reason for failure has 
been the inability to pass dilation catheters across 
very tightly stenotic segments. 

However, the type of lesion does influence the re- 
sults. For example, 1 of our patients, a 58-year-old 
man who 6 years ago had a successful aortocoronary 
bypass graft to the right dominant artery had had 
anginal pain 4 months before admission. Cinean- 
giograms showed 95% stenosis in the middle part of 
the graft. Both the guide wire and the catheter could 
pass easily through the stenotic area several times. 
After they were removed, stenosis returned. The 
flow in this artery became very sluggish, and the 
patient complained of sustained pain. He was oper- 
ated on immediately, with success. 

On examination of this narrow segment of the 
right saphenous vein graft, there was an organized 
clot attached to the wall of the vein, which was now 
arterialized. The clot had been acting like a ball valve 
and would easily let the catheter pass but once the 
catheter was removed, it would occlude the vessel 
flow. This type of lesion, I believe, cannot be treated 
either bv balloon or catheter dilation. 

In our hospital, all patients undergoing translumi- 
nal dilation are scheduled for open-heart operation 
as well. Dilation is done jointly by the radiologist 
and the cardiac surgeon. If chest pain develops and 
the vessel closes after dilation, the patient is taken 
directly to the operating room and an open-heart op- 
eration is performed immediately. Three of our pa- 
tients were operated on in this way. We had no com- 
plications of myocardial infarction or mortality. 

We agree with Dr. Turina that, at the present time, 
patients with single-vessel disease who are symp- 
tomatic and have segmental lesions are candidates 
for this procedure. 

I believe that this procedure will find a definite but 
limited place in the treatment of coronary artery dis- 
ease. I think that with further experience and the 
development of better instruments, our indications 
will extend to more complicated lesions. Dr. 
Gruntzig is to be congratulated for introducing this 
new technique in the treatment of coronary artery 
disease. 


DR. REINOLD J. JONES (San Francisco, CA): I want to 
compliment Dr. Turina and Dr. Grüntzig on their 
work. One of our cardiologists at St. Mary’s in San 
Francisco, Dr. Richard Myler, has worked very 
closely with Dr. Grtintzig since the spring of 1977. 
The protocol we use is very similar to that described 
by Dr. Turina. One element that we have. thought 
very important in this procedure, as in coronary 
artery bypass, is the selection of patients. For that 
reason, a panel of two cardiologists and one cardiac 
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surgeon reviews every patient who is under consid- 
eration for the dilation procedure. 

The indications that we use at St. Mary’s are much 
like those described by Dr. Turina, that is, a discrete, 
short lesion that is usually proximal and definitely 
not calcific, and subtotal obstruction. Although there 
is some question about this, we believe that proximal 
lesions are going to be the most easily handled. It is 
mandatory that the cardiac surgical team be in the 
Operating suite or very close by during a dilation 
procedure. 

Our results are very similar to those from Zurich. 
Forty-two patients, with a mean age of 52 years, have 
undergone the procedure. Three left main coronary 
arteries were dilated; 1 was bypassed. Seven left an- 
terior descending coronary arteries out of 20 were 
passed, and 5 right coronary arteries out of 10. We 
have not tried to dilate a lesion of the circumflex 
coronary artery, and 1 saphenous vein graft which 
had subtotal occlusion with angina was successfully 
dilated. Dr. Myler has also been using this method, a 
la Dr. Dotter in years gone by, on a few iliac and 
femoral arteries. 

There was one severe complication—an abrupt clo- 
sure of a lesion of the proximal left anterior de- 
scending coronary artery. However, the patient was 
taken immediately to the operating room, and no 
postoperative complications occurred and the patient 
did not incur a myocardial infarction. This result 
supports Dr. Turina’s statement that if a patient re- 
quires operation after dilation and is operated on 
immediately, there will most likely be no postopera- 
tive complications. 

I wish to reiterate that I believe that surgical 
standby is mandatory and that the selection of pa- 
tients in this new procedure is of greatest impor- 
tance. 


DR. TURINA: Dr. Wallsh, I congratulate you on your 
very good operative results and cannot quite explain 
the difference in our results. It might have something 


to do with the duration and the degree of the coro- 
nary disease; in several of our patients it was a long- 
standing disease and the stenosis was definitely too 
rigid for intraoperative dilation. 

Dr. Zikria, we also are convinced that stenosis of 
the saphenous vein can be percutaneously dilated 
after aortocoronary bypass grafting. On the other 
hand, frank surgical errors of the proximal or distal 
anastomosis are impossible to dilate and will not be 
amenable to this method. Thrombosis or the suspi- 
cion of thrombosis is obviously a contraindication 
for this procedure. 

Dr. Jones, we are, of course, familiar with the work 
of Dr. Myler, and it is interesting to note that the 
results are better in other centers than in the hands of 
Dr. Grüntzig, who originated the method. Maybe he 
is toc aggressive; maybe he tried to push the method. 
too far! But I am very happy to see that others are 
following his lead, and I believe that there is a future 
for the method of percutaneous dilation. 

I would like to add just one comment. How long 
will the relief obtained by this method last? We really 
don't knew. We have tried to recatheterize all the 
patients after dilation and have found a sustained 
symptomatic relief and patency of the dilated vessel 
in 11 out of 13 patients 6 to 8 months after the proce- 
dure. In peripheral vascular procedures, the sus- 
tained relief of the percutaneous dilation in the su- 
perficial femoral and in the external iliac artery was 
well in excess of 7096 for 2 years. 

And finally, a word of caution. I believe that this 
method should be performed only by highly trained 
and experienced cardiologists who should be 
thoroughly familiar with Dr. Grüntzig's work and 
strictly follow his protocol. Furthermore, I believe . 
that a surgical standby is mandatory to prevent some 
of the serious complications. I think that percutane- 
ous dilation is an excellent and innovative method, 
but it has a potential for danger; it would be a pity if 
the method were discredited by its indiscriminate 
use. 











TRAVENOL i ci: " 
consisten 
i oxygenator performance... 






cas ES 


Kee. 
LPL Ta EMF 





nos eae 


ER SOT SP 


mtn aft 


rge- er 
T 


-e pre oS eee ee 






EEN FREI 
Ser a ae tT 


Fe Me 


TUM 


LUCI En EE 
Bra uuo vom 


—] 
~ -— m 


Lo 
-—— 


^em eer dame rens 





(REESE 


: X E r 

et AN E 

WaT a T " yj. 
| dicc C ail zn 


eee ena ee a - 


Se m ae 


...Over awide range of patients, over « 
IMPROVED - 





membrane 
oxygenator 


Designed for REINFORCER 
consistency ns 
in a wide range 
of patients 


Improved shim 
design for uniform BS | | 
pressure on all parts of | | etd po SPACE 
the membrane | Eo 
The shim, an inflatable 
air bag, exerts pressure 
on the membrane assembly & 
and helps control oxygen wy 
exchange. The improved 
design eliminates seams 
where the shim contacts 
the front of the membrane MAMIFER 
segment, thereby allowing 
more uniform pressure 
across all of the membrane REINFORGER 
envelopes. It compensates 
for the spacing variations 
which normally occur BLOOD FILMER 
between the case and the 
membrane envelopes. 


CAS! 







SHIM TUE 








Improved design 
reinforces the 
oxygenator membrane 

at critical stress points 

for greater reliability MEMBRANE 

Special reinforcers have AY 

been placed at the top W A» 

and bottom of the d 

membrane envelopes to | 

provide additional 
protection against the 

possibility of blood leaks. 


road range of perfusion parameters 


Designed for efficiency 
over a broad range of 
perfusion parameters 


The TMO Adult Membrane Oxygenator incorporates 
2.25 square meters of membrane and is indicated for 
total bypass on patients at flow rates up to six liters per 
^. minute. And, under standard test conditions as listed in 
L the direction insert (see table), the TMO Adult 
! ns f- . Membrane Oxygenator transferred as much as 346 ml 
YY | \of oxygen per minute, while removing a slightly larger 
X amount of carbon dioxide. The lowest practical prime 
N for the Adult system (including oxygenator, reservoirs, 
. and MINIPRIME® Disposable Heat Exchanger) is 900 
ml. When the arterial and venous lines are included, 
. the entire circuit may be primed with as little as 1800 ml 
“~of cell r non-cellular fluid. Clinical experience has 
been r d on patients ranging in weight between 
25 Kg ar 0 Kg. 












i TMO MEMBRANE OXYGENATOR 
PERFORMANCE CHARACTERISTICS 
Operation of the oxygenator under clinical conditions 
may produce different values from those illustrated 
because of the variables involved in the clinical 
perfusion procedure and in the manufacture of the 
device. The values shown are for approximation only. 
The charts below show the mean values from six 
oxygenators using canine blood. 


STANDARD TEST CONDITIONS* 





Blood Flow 6 liters/min 
Gas Flow 15 liters/min 
Venous Saturation 60% 
Venous pCO, 47 mm/Hg 
4 Venous pH 738 
Temperature ar G 
x Hematocrit 41% 
Shim Pressure 300 mm/Hg 
*The ability of the TMO Membrane Oxygenator to transfer oxygen into 
and remove carbon dioxide from the blood will vary widely depending 
upon the condition of the blood 
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ABSTRACT Fifty-five patients who underwent 
prophylactic coronary artery grafting were followed 
for 4 to 8 years. Sixteen patients had no angina, and 
39 were in New York Heart Association Finctional 
Class I. Twenty-one patients had single-v2ssel dis- 
ease, 13 had double-vessel disease, and Z7, triple- 
vessel disease. A total of 101 grafts were imserted. 

There were no operative deaths. Two pat ents suf- 
fered a perioperative myocardial infarction IMI), and 
3 were reoperated on for persistent bleeding. Early 
after operation, 9 of the 45 grafts were occluded. At 1 
year, 2 patients had occlusion of all grafts, and 1 had 
similar findings at 5 years. 

There were 4 late deaths, 3 related to coronary 
artery disease. Seven patients sustained a late MI. 
Thirty-one of the 51 survivors (60.8%) seen late 
(mean, 69.3 months) after operation were free from 
angina; 14 were in Class I and 6, Class II. 

It is apparent from this retrospective scudy that 
patients such as these stand to benefit little from 
prophylactic revascularization. Longevity raay be in- 
creased, however, in patients who are asymptomatic 
after MI. 


Coronary artery grafting benefits t-e great 
majority of patients who are seen w-ih inca- 
pacitating angina [13,. 14]. More cont-oversial 
are the issues of longevity and prevention of 
sudden cardiac events [19]. If, as has b2en sug- 
gested, bypass grafting prolongs life [10, 24] 
and lowers the incidence of sudden death [7, 
10] or myocardial infarction (MI) [23], it would 
seem wise to recommend this operaticn to pa- 
tients who have severe coronary artery disease 
as documented at angiography but few or no 
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symptoms. The validity of these premises has 
yet to be established, however, and must await 
the results of randomized trials. On the other 
hand, there already is information available 
from two recent studies conducted in a limited 
number of patients that supports prophylactic 
bypass grafting for asymptomatic coronary ar- 
tery disease [21, 26]. 

The purpose of this report is to review the 
outcome in 55 patients seen with few or no 
symptoms of angina who underwent coronary 
artery grafting at the Montreal Heart Institute 
and were followed for 4 to 8 years. 


Materia] and Methods 

From 1970 to 1974, a total of 55 patients (48 men 

and 7 women) from 36 to 63 years old (mean age, 

47.2 years) underwent coronary artery grafting 
despite the virtual absence of anginal symp- 

toms. Because the study began in 1970, very 

few patients had a preoperative exercise test. 

Indications for operation, therefore, rested sole- 

ly on finding at coronary angiography an impor- 

tant narrowing (2 70%) in at least.one coro- 
nary artery. Thirty-seven of the 55 patients had 

a history of MI (Group 1), and 18 (Group 2) had 
experienced no previous cardiac events. In 25 
patients in Group 1, the arteriographic study: 
was conducted within a year of the episode of 
infarction. Sixteen of the 18 patients in Group 2 

had an angiographic study because of atypical 

chest pain. A coronary arteriogram was ob- 

tained in 1 patient as part of the investigation of 
mild mitral regurgitation and in another be- 

cause of multiple coronary risk factors. Neither 

patient had thoracic pains. In all, there were 16 

patients (14 in Group 1 and 2 in Group 2) who 

had not experienced angina, except at the time 

of infarction for patients in Group 1. The re- 

maining 39 patients were in New York Heart 
Association (NYHA? Functional Class I (23 in 

Group 1 and 16 in Group 2) and had typical or 
atypical chest pain. 
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At angiography, all patients displayed nar- 
rowing of 70% or more in at least one coronary 
artery. Patients were said to have double- or 
triple-vessel disease when one or more addi- 
tional narrowings of 50% or more were discov- 
ered in a second or third branch. Thus, 21 pa- 
tients (38.2%) had disease in only one vessel, 13 
in two (23.6%), and 21 in three (38.2%). Of the 
106 lesions uncovered, 40 (37.7%) involved the 
left anterior descending coronary artery, 39 
(36.8%) the right coronary artery, and 27 
(25.5%) the circumflex artery. Eleven of the 
13 patients with double-vessel disease had 
double-bypass grafts, and 2 had single grafts. 
Of patients with triple-vessel disease, 2 had 
single grafts, 8 had double grafts, 9 had triple 
grafts, 1 had 4 grafts, and 1 had 7 grafts. In- 
cluding the 21 grafts. in patients with disease 
limited to one vessel, a total of 101 grafts were 
inserted in these 55 patients. The left ven- 
triculogram was normal in 29 patients (11 in 
Group 1 and 18 in Group 2) and abnormal in 26, 
including 4 with diffuse hypokinesia, 16 with 
localized hypokinesia, and 6 with localized 
akinesia. | 

Coronary artery grafting was performed with 
extracorporeal circulation, a bubble oxygenator, 
moderate hypothermia (25°C), hemodilution 
(hematocrit +25%), and intermittent aortic 
clamping. 

All 55 patients were followed from 46 to 96 
months (mean, 69.3 months). Thirty-four of the 
51 late survivors (66.6%) agreed to a maximal 
exercise tolerance test (modified Bruce) on their 
most recent visit to the outpatient clinic. 
Twenty-six of the 55 had a postoperative an- 
giographic study 1 month after operation, and 
15 of these 26 underwent a second study 1, 3, 5, 
or 7 years later. 


Results 

Early Results 

There were no operative deaths. Two patients 
sustained a perioperative MI as evidenced by 
the appearance of new Q waves on sequential 
postoperative electrocardiograms. Three pa- 
tients were reexplored the same day for persis- 
tent retrosternal bleeding, and 3 of the 26 pa- 
tients who underwent an early postoperative 
angiographic study were reoperated on within 


21 days cf the first operation for occlusion of 
1 or more grafts. Two of these 3 patients had a 
good result as shown on the repeat angiogram 1 
year later. The reconstructed graft was occluded 
at 1 year in the other patient. 


Late Results 

Four patients (7.3%) died late after operation. 
Two died suddenly after 74 and 84 months. An- 
other (the only patient from Group 1) died of 
gastrointestinal bleeding after 51 months. The 
fourth patient died shortly after reoperation for 
severe angina pectoris 86 months after the ini- 
tial revascularization. Of the 4 patients who 
died, 1 (1/21 or 4.8%) had single-vessel disease, 
2 had double-vessel disease (2/13 or 15.4%), and 
1 had triple-vessel disease (1/21 or 4.8%). 

Seven of the 51 late survivors experienced an 
MI. In 4, the episode took place more than 3 
years after operation. Four of the infarcts oc- 
curred in patients who had had an MI before 
operation (Group 1 patients). Five occurred in an 
area that had been revascularized and two in an 
area that had not. Revascularization was con- 
sidered complete (all stenoses =50% bypassed) 
at the time of operation in 3 of the patients and 
incomplete in 4. As stated earlier, all patients 
were seen by us between 46 and 96 months after 
operation. Thirty-one of the 51 survivors 
(60.8%) were free from symptoms. Fourteen 
admitted to having occasional anginal pains 
(NYHA Class I). Six had Class II angina (11.8%) 
and, by definition, were worse than before 
operation. 

Of the thirty-four maximal exercise tests con- 
ducted late after operation, twenty were nega- 
tive (58.8%), three were positive by electrocar- 
diographic and clinical criteria, and eight were 
positive on electrocardiogram only (eleven elec- 
trocardiographically positive tests or 32.4%). 
For the remaining three tests, the electrocardio- 
graphic tracing could not be interpreted cor- 
rectly. Six of the eleven positive stress tests 
were in Group 1 patients and five in Group 2. 


Postoperative Angiographic Study 

Twenty-six patients with 45 vein grafts under- 
went an early postoperative angiographic 
study. Nine of the grafts were occluded (20%), 4 
of them in patients with single grafts. Two of 
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these 4 patients were reoperated on and bene- 
fited from the early reoperation as evidemced by 
a patent graft 1 year later. A third patieat with 
occlusion of 2 grafts, was reoperated cn, and 
at 1 year had occlusion of the 1 graft recon- 
structed. 

Fifteen of the 26 patients underwent a second 
angiographic study at 1 year (9 patients), 3 
years (3 patients), 5 years (2 patients), and 7 
years (1 patient). At 1 year, 2 of the 9 patients 
had occlusion of all grafts, excluding the patient 
just alluded to, and 1 additional patient had 
similar findings on the study at 5 years. : Hence, 
at 1 year, there were at least 4 patients ct the 26 
studied early, or 15.4%, who were not helped 
by coronary artery grafting.) Twelve patients 
had 1 or more grafts patent at the time of the 
second study. Most patients studied lace were 
symptomatic. The graft occlusion rate for a 
period of 7 years was high (11/27) in taese 15 
patients. 


Comment 

Incapacitating angina remains the major. and to 
many, the only, indication for coronar” artery 
grafting. However, the current vogue ož tread- 
mill exercise tests and the burgeoning of cardiac 
catheterization facilities have unveiled a par- 
ticular group of patients who have few anginal 
symptoms despite the presence of severe coro- 
nary artery disease. In such patients, a decision 
must be taken regarding the proper ccurse of 
treatment to be followed. Can propàylactic 
coronary artery grafting prolong the patient's 
life or can it prevent infarction in the myocar- 
dial area in jeopardy? 

Very few authors have addressed themselves 
to this question [21, 26]. Indeed, there3s very 
little information available on the prognosis of 
asymptomatic patients with arteriographically 
demonstrable coronary artery disease [19]. The 
present study, on the other hand, has flaws. 
The patient population is heterogeneous, more 
than half already having sustained an MI prior 
to grafting. Further, because the series bsgan in 
1970, there was no preoperative screening with 
exercise test or myocardial scanning. By »resent 
standards, intraoperative myocardial prctection 
was inadequate and revascularization oten in- 
complete. Nevertheless, it is of interest -0 com- 


pare the results of this study with those ob- 
tained with the more conservative (medical) 
maragement of coronary artery disease. 

Randomized studies comparing the results of 
patients with stable cr unstable angina treated 
mecically or surgically have shown the survival 
to vary little in the two groups [9, 15] except in 
specific subgroups such as those with lesions of 
the left main coronary artery [20]. These well- 
conceived studies have not met with universal 
approval, however, as evidenced by the bulk of 
litezature and the controversy generated [8, 12]. 
On the other hand, large series of nonsurgical 
patients followed for longer periods of time 
hav2 disclosed a year-y mortality of 1 to 4% for 
single-vessel disease, 5 to 1596 for double- 
vessel disease, and 10 to 1596 for triple-vessel 
disease [1, 17, 18]. Most patients were symp- 
tomatic in these series and did not benefit from 
optimal medical management. In comparison, 
mortality in the present series among nearly 
asymptomatic patients was 4.896, 15.496, and 
4.8[%, respectively, for single-, double-, and 
trip.e-vessel disease at a mean of 69.3 months. 

Cf interest was the low late mortality (2/37, 
596 or « 196 per year) in the group of patients 
with a previous MI. This is in keeping with the 
results reported in a similar series of patients by 
Thurer and co-workers [21]. This yearly mor- 
tality is lower than that of medically managed 
patients with MI, which is reported to be 1096 
dur-ng the first year after discharge from the 
hosoital and 3 to 596 per year thereafter [16, 22, 
25]. The low first-year mortality in our series 
may be misleading, however, because all pa- 
tients had already survived a good part of their 
first year after infarction prior to operation. 
Operative mortality in asymptomatic patients 
with previous MI must be almost nil, therefore, 
for the surgical treatment to show a significant 
difference in the first-year mortality. The lower 
mortality noted beyond the first year in surgical 
patients may be significant [11, 21, 26]. 

On the other hand, current techniques of de- 
tection of myocardial necrosis have shown that 
the :ncidence of perioperative MI remains high 
[4, 3]. Unless better methods of myocardial 
protection, such as potassium cardioplegia, are 
capeble of significantly lowering this incidence, 
it does not seem appropriate to recommend 
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coronary artery grafting solely for the preven- 
tion of MI. In the present series, the cumulative 
(perioperative and late) infarction rate at 6 years 
(mean, 69.3 months) was 13.7%. To this inci- 
dence could be added that of late sudden death 
(3.6%). 

The near absence of symptoms before opera- 
tion in patients similar to those in the present 
study rules out the possibility of improvement 
in the quality of life, a valid argument in pa- 
tients with more incapacitating angina. The 
overall late improvement in symptoms paral- 
lels that reported in patients with more in- 
capacitating angina [2, 3]. A prospective series 
utilizing preoperative and postoperative exer- 
cise tolerance tests might indicate whether pa- 
tients who have few symptoms show improve- 
ment. Although such a discriminating tool 
could not be used in our study, it is of interest 
to note that a maximal exercise test performed 
in two-thirds of the patients was positive by 
electrocardiographic criteria in 32.4% (11/34) of 
patients late after operation. Had the test been 
performed before operation and proved posi- 
tive in all, the present figures still could not 
constitute a good surgical result. A similar inci- 
dence of persistent positive stress test was 
noted by Wynne and co-authors [26] in their 
series. 

The explanation for the discrepancy between 
the results of the present study and those of 
others is not readily apparent. The number of 
patients was small in the other two series, 17 
and 20, respectively [21, 26]. Furthermore, the 
severity of the coronary artery disease at an- 
giography may have been less in the patients of 
both these reports. In one of them [26], mean 
follow-up was shorter than in the present study 
(34 vs 69 months). It has been suggested that 
postoperative improvement decreases with 
time [2, 3] and that this attrition rate is related 
to the progression or appearance of coronary 
artery disease in nongrafted arteries as well as 
to the occurrence of atherosclerosis in vein 
grafts [6]. Therefore, unless these events can be 
prevented, it does not appear that coronary ar- 
tery grafting in asymptomatic patients is war- 
ranted except, perhaps, in those with previous 
MI. Conceivably, grafting could benefit the 
latter subgroup of patients in specific situations 


such as lesions in the left main coronary artery 
or the rroximal left anterior descending coro- 
nary ariery provided there was no operative 
mortality or additional myocardial necrosis. In 
the present study, there were no cardiac deaths 
(the single death was secondary to gastrointes- 
tinal bleeding) in the group of 37 patients who 
had sustained an MI before operation. 


References 
1. Burggraf GW, Parker JO: Prognosis in coronary 
artery disease: angiographic, hemodynamic and 
clinical factors. Circulation 51:146, 1975 
2. Cameron A, Kemp HG, Shimomura S, et al: 
Coronary bypass surgery, a 7-year follow-up 
(abstract). Circulation 57, 58:Suppl 2:19, 1978 
3. Campeau L, Hermann J, Lespérance J, et al: Loss 
of im>rovement of angina between 1 and 6 years 
after aortocoronary bypass surgery: correlations 
with changes in vein grafts and in coronary ar- 
teries (abstract). Circulation 57, 58:Suppl 2:16, 
1978 
4. Delva E, Maillé J-G, Solymoss BC, et al: Evalua- 
tion of myocardial damage during coronary ar- 
tery grafting with serial determinations of serum 
CPK MB isoenzyme. ] Thorac Cardiovasc Surg 
75:467, 1978 
5. Gray RJ, Shell WE, Conklin C, et al: Quantifica- 
tion of myocardial injury during coronary artery 
bypass graft. Circulation 58:Suppl 1:38, 1978 
6. Grondin CM, Campeau L, Lespérance J, et al: 
Atherosclerotic changes in coronary vein grafts 
six years after operation: angiographic aspect in 
110 patients. J Thorac Cardiovasc Surg 77:24, 
1979 
7. Hammermeister KE, De Rouen TÀ, Murray JA, 
et al Effect of aortocoronary saphenous vein 
bypass grafting on death and sudden death: 
comparison of nonrandomized medically and 
surgically treated cohorts with comparable coro- 
nary disease and left ventricular function. Am ] 
Cardiol 39:925, 1977 
8. Hurs: JW, King SB, Logue RB, et al: Value of 
coronary bypass surgery. Àm ] Cardiol 42:308, 
1978 
9. Hutter AM Jr, Russel RO Jr, Resnekov L, et al: 
Unstable angina pectoris: national randomized 
study of surgical vs medical therapy: results in 1, 
2, and 3 vessel disease (abstract). Circulation 55, 
56:Suppl 3:60, 1977 
10. Isom OW, Spencer FC, Glassman E, et al: Does 
coronary bypass increase longevity? J Thorac 
Cardiovasc Surg 75:28, 1978 
11. Johnson WD, Hoffman JF Jr, Shore RT: Myocar- 
dial revascularization in the absence of cardiac 
symptoms (abstract). Am J Cardiol 39:268, 1977 


117 


Lawrie GM, Morris GL Jr, Howell JF, et al: A 
debate on coronary artery bypass. N Engl J 
Med 297:1464, 1977 

McIntosh HJ, Garcia JA: The first decade of aor- 
tocoronary bypass grafting: a review. Circulation 
57:405, 1978 

Miller DW, Dodge HT: Benefits of coronary ar- 
tery bypass surgery. Arch Intern Med 137:1439, 
1977 

Murphy ML, Hultgren HN, Detre K, et al: Treat- 
ment of chronic stable angina: a preliminary re- 
port on survival data of the randomized VA 
cooperative study. N Engl J Med 297:621, 1977 
Norris RM, Caughey DE, Mercer CJ, et al: 
Prognosis after myocardial infarction: 6 year 
follow-up. Br Heart J 36:786, 1974 

Oberman A, Jones WB, Riley CP, et al: Natural 
history of coronary artery disease. Bull NY Acad 
Med 48:1109, 1972 

Proudfit WL, Bruschke AVG, Sones FM Jr: 
Natural history of obstructive coronary artery 
disease: 10 year study of 601 non-surgical cases. 
Prog Cardiovasc Dis 21:53, 1978 

Selzer A, Cohn K: Asymptomatic coronary artery 
disease and coronary bypass surgery. Am J Car- 
diol 39:614, 1977 

Takaro T, Hultgren HN, Lipton MJ, et al: The VA 
cooperative randomized study of surgery for 
coronary arterial occlusion disease: II. Subgroup 
with significant left main lesions. Circulation 
54:Suppl 3:107, 1974 

Thurer RL, Lytle BW, Cosgrove DM, et al: 
Asymptomatic coronary artery disease managed 
by myocardial revascularization: five year results 
(abstract). Circulation 57, 58:Suppl 2:18, 1978 
Thygesen K, Dalsgaard P, Nielsen BL: Prognosis 
after first myocardial infarction. Acta Med Scand 
195:253, 1974 

Ullyot D, Wisneski J, Sullivan PW, et al: The im- 
pact of coronary artery bypass on late myocardial 
infarction. J Thorac Cardiovasc Surg 73:165, 1977 
Vismara LA, Miller RR, Price JE, et al: Improved 
longevity due to reduction of sudden death by 
aortocoronary bypass on coronary atheroscle- 
rosis: prospective evaluation of medical versus 
surgical therapy in matched patients with mul- 
tivessel disease. Am J Cardiol 39:919, 1977 
Waters DD, Théroux P, Halphen C, et al: Clinical 
predictors of angina following myocardial in- 
farction. Am J Med (in press, 1979) 

Wynne J, Cohn LH, Collins JJ Jr, et al: Myocardial 
revascularization in patients with multivessel 
"coronary artery disease and minimal angina 
pectoris. Circulation 58:Suppl 1:92, 1978 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


14 


20. 


Zh: 


22. 


23, 


24. 


20. 


26. 


Hm ra 
hee 
^ 


Discussion 


DR. ROBERT J. THURER (Cleveland, OH): While this 
paper is an important and well-documented ap- 
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praisal of the results of myocardial revascularization 
for patients with Class I angina pectoris, its hetero- 
geneity causes confusion. With regard to those pa- 
tien-s without previous infarction, we agree that the 
natural history is unclear. However, as the authors 
noted, the available data suggest that survival is 
more closely related to the number of vessels signifi- 
canty obstructed than to the severity of angina. 

D-. William Proudfit of the Cleveland Clinic has 
revizwed 601 nonsurgically treated patients followed 
for 10 years after angiography and selected 352 who 
would have made ideal surgical candidates. The 10- 
year survival is more closely related to the extent of 
disease than to the severity of angina. There were 38 
patients who had Class [ angina pectoris, and only 28 
or 7296 of these patients survived 10 years. 

A3 for patients with previous MI, I believe they are 
not truly asymptomatic. The history of infarction 
calls attention to the disease and identifies them as 
potential surgical candidates. The efficacy of such 
therapy revolves around the natural history follow- 
ing infarction and the effect symptomatic status has 
on ultimate survival. Data from the Framingham 
stucy recently presented to the American Heart As- 
sociation indicate a mortality of approximately 5% 
per year in late survivors who had infarction. This 
prognosis was not affected by the presence or ab- 
sence of symptoms. Information from the Coronary 
Drug Project also supports this conclusion. 

When reviewed in this light, the surgical results of 
this study suggest an improvement in life expectancy 
in tais group. We do not advocate coronary artery 
ope-ations for all survivors of MI. However, the pres- 
ent study, coupled with the recént investigation of 
my colleagues and myself at the Cleveland Clinic, 
gives strong support to the concept of performing 
corcnary arteriography on survivors of MI, despite 
their asymptomatic status, and considering opera- 
tive intervention when advanced disease, reasonable 
ventricular function, and critical stenoses of vessels 
supplying large areas of viable myocardium are 
found. 


DR. GEORGE C. KAISER (St. Louis, MO): I congratulate 
Dr. Grondin on his careful and thoughtful study. 
This is the type we are now accustomed to see from 
the Montreal Heart Institute. Stimulated by his 
abs-ract, two of my associates, Drs. Pennington and 
Tyras, reviewed our experience with similar patients 
fror 1970 through June, 1978. 

Tə achieve comparable data, we broke our experi- 
ence into two periods, the first ending in 1975 and 
the second, the entire period, 1970 through June, 
1973. Our group was similar to the Montreal group 
frora the standpoint of previous MI (62%), degree of 
angina pectoris (Canadian Heart Association [CHA] 
Class 0, 34%; Class 1, 66%), and operative mortality 
(0). We had a slightly higher incidence of periopera- 
tive MI (6.9%). This was reduced with the institution 


118 The Annals of Thoracic Surgery Vol 28 No 2 August 1979 


of potassium cardioplegia (2.2%). We had a greater 
incidence of triple-vessel disease (62%) and a greater 
number of grafts per patient (2.1%). These are fea- 
tures noted by Dr. Grondin to be important. 

During a similar follow-up period (9 to 96 
months; mean, 66.9 months), our rate of late post- 
operative MI is lower (6.9%) than that reported by 
Dr. Grondin, but the angina status is about the same 
(CHA Class > 2, 24%), and there is a comparable 
incidence of late cardiac deaths (3.4%). Five-year 
survival in both series is excellent (293%). We 
catheterized a significant number of these patients 
postoperatively. The majority either retained or re- 
gained normal left ventricular function (60%). 

In summary, I am not as pessimistic as Dr. Gron- 


din abou: this particular group of patients. We have 
shown that they have a low incidence of postopera- 
tive MI. Survival and the preservation of left ven- 
tricular function at 5 years are excellent. For these 
reasons we believe that this experience is encourag- 
ing, and this particular indication for coronary artery 
bypass grafting deserves further evaluation. 


DR. GRONDIN: Basically, I think we agree with Drs. 
Kaiser and Thurer. For the group of patients who had 
sustained an MI longevity seems to be increased with 
prophylactic coronary artery grafting. As for the 
other patients, it is a matter of looking at a half empty 
or a half full glass. We do not believe operation is 
warranted in this second group. 
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Beginning with Volume 28 (July, 1979) of The 
Annals of Thoracic Surgery, the classified adver- 
tising section is to be expanded to include 
meeting announcements and postgraduate 
coursés, as well as positions wanted or avail- 
able. This expanded classifiéd section super- 
sedes the Continuing Education section, which 
ran quarterly in The Annals. The charge for all 
classified advertising is $25.00 per 50 words per 
issue. Prepayment is required. 

Classified ads for meeting announcements, 
postgraduate courses, and positions wanted or 
available must relate only to the thoracic and 
cardiovascular surgical specialities. All ads are 
subject to the approval of the Editor, and mate- 
ria deemed inappropriate for publication in 
The Annals will be rejected. _ 

Please submit full information with each 


ad, including name, address, and telephone 
number of contact person. If anonymity is de- 
sired when advertising a position wanted or 
available, please indicate this at the time of 
submission and a code number will be as- 
signed. All responses received will remain con- 
fidential in The Annals Editorial Office and will 
be conveyed to the advertiser shortly after re- 
ceipt. | 

Ads must be submitted no later than eight 
weeks prior to the publication month of the de- 
sired issue. Send ad and nonrefundable check (in 
the amount of $25 for every 50 words times 
number of issues the ad is to run), payable 
to The Annals of Thoracic Surgery, to: Herbert 
Sloan, M.D., Editor, The Annals of Thoracic 
Surgery, C-7079 University Hospital, Ann 
Arbor, MI 48109. 
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Esophagomyotomy versus Forceful Dilation 
for Achalasia of the Esophagus: Results in 899 Patients 


Nsidinanya Okike, M.D., W. Spencer Payne, M.D., David M. Neufeld, M.D., 
Philip E. Bernatz, M.D., Peter C. Pairolero, M.D., and David R. Sanderson, M.D. 


ABSTRACT Between 1949 and 1976, 899 patients 
underwent treatment for achalasia of the esophagus 
at the Mayo Clinic, 431 by forceful hydrastatic or 
pneumatic dilation and 468 by a standardized trans- 
thoracic esophagomyotomy. Esophageal eak and 
mediastinal sepsis was an uncommon b.t major 
complication of both types of therapy, occurring four 
times more often with dilation (4%) than with 
myotomy (1%), although no deaths resul-ed from 
this in either group. The 30-day mortality "as 0.2% 
after myotomy and 0.5% after forceful diletion. Al- 
though there was minimal morbidity and mortality 
with either modality, the late results werz signifi- 
cantly superior after myotomy. Excellent to good re- 
sults were obtained by 85% of the group treated with 
myotomy but only by 6596 of those treated with hy- 
drostatic dilation. Late poor results were encoun- 
tered three times more frequently after dilation 
(19%) than after myotomy (6%). Analysis of poor 
results after myotomy indicates that late serious 
complications of gastroesophageal reflux developed 
in only 396 of patients operated on. 


At the Mayo Clinic, both esophagomyotomy 
and forceful hydrostatic or pneumatic dilation 
of the cardia have been long employed in the 
palliation of the esophageal obstructive symp- 
toms of achalasia [8]. Because. of coaflicting 
reports regarding the relative value of these 
procedures, the present review was under- 
taken. In it, we compare the results in 200 pa- 
tients treated by esophágomyotomy from 1967 
through 1975 with the results in 268 patients 
treated by esophagomyotomy before 1967 [3]. 
Further, the combined surgical series of these 
468 patients undergoing esophagomyotomy 
were compared with a series of 431 patients 
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wifh achalasia treated by forceful dilation (Fig- 
ure). 


Current Series of Esophagomyotomy 
(1957—1975) | 

Cli3ical Aspects | 

To be included, eack. patient must have under- 
gone the initial esophagomyotomy for achalasia 
at the Mayo Clinic during the period 1967 
through 1975. The 200 patients (98 male and 102 
female patients) fulfilling these criteria ranged 
from 5 to 81 years old at the time of operation 
(median age, 51 years) All patients were 
symptomatic, with complaints of esophageal 
obstruction and dysphagia; 7096 had symptoms 
of regurgitation of retained esophageal con- 
terts, and 3096 had painful esophageal distress 
described as either spasm or heartburn. Sixty- 
one percent of the patients had lost 4.5 to 41 kg 
beiore treatment, with 18% having lost more 
than 14 kg. Ten percent had radiographic evi- 
dence of aspiration pneumonitis at diagnosis. 
Although none of the patients in this series had 
had previous operations for achalasia, 96 of the 
20C had previously undergone some form of 
escphageal dilation therapy, without im- 
prcvement in the symptoms. 

All 200 patients underwent radiographic ex- 
amination of the esophagus, with the demon- 
stration of distal esophageal obstruction and 
the characteristic tapered narrowing of the 
escphagogastric junction and varying degrees 
of amotile dilatation of the esophagus. Dilata- 
tion of the esophagus was mild in 20%, mod- 
erate in 45%, and severe in 35%. Before op- 
eration, 16 (8%) patients had radiographic 
evidence of a sliding esophageal hiatal hernia as 
we.] as achalasia. All but 17 of the 200 patients 
underwent esophageal manometric study be- 
fore operation. In 8696 (157 patients) of these 
studies, the findings were those of classic 
achalasia, whereas in 14% (26 patients), the 
motility was that of "vigorous" achalasia [10]. 


120 The Annals of Thoracic Surgery Vol 28 No 2 August 1979 


100 «^, 





$ 80 
3 
€ 
[1] 
o 
© 860 
a 
© 
£ 
E 40 
eH 
a 
20 
n 1 i 
YEAR 1948 58 68 78 


Observed trends in the management of 899 patients 
with achalasia of the esophagus at the Mayo Clinic 
from 1948 through 1975. Depicted is the percentage 
distribution of the two forms of treatment by year. Note 
the shift in emphasis toward esophagomyotomy (solid 
curve) in lieu of forceful hydrostatic or pneumatic dila- 
tion (dotted curve) since 1949. 


Endoscopic examination performed in all pa- 
tients before operation demonstrated esopha- 
geal hypomotility, varied sizes, differing 
degrees of tortuosity, and various amounts of 
food retention and stasis esophagitis. Gener- 
ally, the stomach could be entered with the en- 
doscope without marked resistance. 


Operative Technique and Care 

The surgical technique of esophagomyotomy in 
the current era was identical to that previously 
described and employed at the Mayo Clinic 
since 1949 [3, 8]. Essentially, the procedure 
consists of a left transthoracic longitudinal 
esophagomyotomy, which extends from the 
esophagogastric junction distally, to a point 7 to 
10 cm proximally, to the level of the left inferior 
pulmonary vein. Care is taken to avoid undue 
traction on the esophagus or-dissection around 
the esophageal hiatus which might lead to the 
development of a hiatal hernia. Approximately 
50% of the circumference of the esophageal 
mucosal tube is freed of overlying muscularis 
to allow the mucosa to pout through the my- 
otomy. Care is taken to avoid injury to vagal 
fibers and not to extend the myotomy onto the 
stomach. If an anatomical sliding esophageal 
hiatal hernia is present, it is repaired. In the 
present series, either an Allison repair (4 pa- 
tients) or a Belsey-type repair (12 patients) was 


performed, as well as the esophagomyotomy. 
Postoperatively, patients resume a liquid diet 
the day after operation and rapidly progress to a 
general diet in the ensuing 3 to 4 days. Most 
patients leave the hospital within a week of 
operatior.. 


Results 

EARLY RESULTS. Of the 200 patients operated 
on during the 1967 through 1975 era, only 6 ex- 
perienced significant postoperative complica- 
tions: 5 had pneumonitis or atelectasis and 1, a 
transient cardiac arrhythmia. In these 200 
operations, there were no clinically evident 
esophageal leaks and no postoperative deaths. 

LATE FOLLOW-UP AND RESULTS. Complete 
follow-up information was available on all 200 
patients during 1978. Follow-up ranged from 3 
to 11 years (average, 6.5 years). Twelve patients 
died during the follow-up period, but no death 
was related to the esophageal problem. 

The crizeria for evaluating the effectiveness of 
the operations were similar to those applied to 
the 1949 through 1966 series of 268 patients 
with achalasia treated by esophagomyotomy [3] 
and the 408 treated by hydrostatic dilation [9]. 
To be considered to have an excellent result, the 
patient must be completely asymptomatic, have 
gained weight, and have returned to full-time 
work. The patient classified as having good re- 
sults must fulfill the same requirements but can 
continue to have occasional dysphagia when 
eating certain foods, when hurried, or when 
under nervous stress. A patient having a fair 
result, although fulfilling most of these criteria 
and although experiencing definite improve- 
ment, would continue to have occasional to 
frequent episodes of dysphagia and occasional 
regurgitation. Poor results indicate no im- 
provement or worsening of the condition. 

Of the 200 patients, 94% had definite im- 
provement; 90% had, either excellent or good 
results, and 4% had fair results in that they 
were improved by the operation but had some 
distress. Six percent had poor results; their 
condition was unchanged or had worsened 
from the preoperative status. An attempt was 
made to correlate certain preoperative features 
with results. Results were unaffected .by age, 
sex, duration of symptoms, previous dilation 


PEN 
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Table 1. Results of Esophagomyotomy 
and Diaphragmatic Hernia Repair 
in 16 Patients with Achalasia 








Belsey Allison 
Result Technique Repair Total 
Excellent 5 1 6 
Good 4 2 6 
Fair 2 0 2 
Poor T 1 2 
Total 12 4 16 


?Reflux, stricture. 
"Persistent achalasia. 


therapy, degree of esophageal dilatation on 
roentgenographic examination, the finding of 
"vigorous" or "classic" achalasia on preopera- 
tive motility study, or the presence of a hiatal 
hernia or type of repair employed (Table 1). 


Comparison of Current Series with Previous 
Series of Esophagomyotomy (1949-1966) 
The experience at the Mayo Clinic with trans- 
thoracic esophagomyotomy for achalasia has 
been the subject of continued analysis since its 
introduction into our practice in 1949 [2, 4, 7]. A 
detailed analysis of the entire Mayo Clinic ex- 
perience before 1967 was reported by Ellis and 
Olsen [3]. The late results of esophagomyotomy 
in 256 of the 268 patients treated in that experi- 
ence were compared with the results in the 200 
patients in the current series and the results 
in the combined experience of 456 patients 
(Table 2). 

Although the clinical material and duration of 
follow-up showed minor variations, results in 


Table 2. Comparison of Results of 
Esophagomyotomy for Achalasia® 


1949-1966 1967-1975 Total 
(256 (200 (456 
Result Patients) Patients) Patients) 
Excellent 47 55 50 
Good 36 35 35 
Fair i at 4 9 
Poor 6 6 6 


"Results presented as percentage of patients in each cate- 
gory. 


the two surgical series were not statistically 
diferent. The records of the 29 patients (6%) 
w:th poor results in the combined series of 456 
petients were analyzed to identify possible un- 
derlying causes for failure. In 14 patients, the 
ca-dia was rendered incompetent by the opera- 
ticn, with subsequent development of reflux 
esophagitis and its complications: 10 in the 
early study and 4 in the later series. All 14 pa- 
tients were first seen with intractable heartburn 
or subsequent stricture formation or both. In 
the other 15 patients, recurrent or persistent 
distal esophageal obstruction appeared to be 
re ated to the unrelieved esophageal motility 
problem: 6 in the early series and 9 in the later 
series. These 15 patients experienced symptoms 
of dysphagia and regurgitation identical to 
their preoperative cistress, without significant 
heartburn and little or no resistance to passage 
of a 50F dilator through the cardia. Radio- 
graphic examination demonstrated esophageal 
food retention, progression in esophageal size, 
ard characteristic tapered distal obstruction. 
Either incomplete operation or refusion of the 
cut muscle was considered responsible for their 
distress. This impression was further con- 
firmed at reoperaticn in 3 patients. 


Comparison of Escphagomyotomy with 
Hydrostatic Dilation (1949-1975) 
Ongoing reviews of the results of various 
treatments for achalasia of the esophagus at the 
Mayo Clinic have resulted in an increasingly 
important role. for surgical treatment (see Fig- 
ure). Only 23 new patients have been treated 
bv forceful dilation since 1967, making a total of 
43] patients so treated. Briefly, the procedure 
involves preliminary esophageal bougienage 
with à 41F sound over a previously swallowed 
thread to identify the level of the cardia and 
permit passage of the larger unit. This is fol- 
lowed by the placement of a hydrostatic or 
pneumatic dilator, which is positioned in such 
a way that the inflatable bag straddles the 
esophagogastric junction. Inflation is carefully 
performed using 549 to 670 cm of water pres- 
sure, or 150 to 200 mm Hg if a pneumatic dilator 
is employed. Pressure is sustained for several 
seconds before the procedure is terminated. 
Sanderson and colleagues [9] previously 
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Table 3. Comparison of Results of Hydrostatic 
Dilation and Esophagomyotomy (1949-1975) 





Esophago- 
Dilation myotomy 
(431 (468 
Factors Patients) Patients) 
Result (96) 
Excellent 20] ER DU ee: 
Good 37 | i si E 
Fair 16 9 
Poor 19 6 
Follow-up (yr) 1 to 18 l to 17 
No. of patients 311 456 
Percent 72 97 
Age (yr) 1 to 85 4 to 81 


"Significantly different (p < 0.001). 


analyzed the late results of forceful dilation for 
achalasia in 311 of the 431 patients so managed 
since 1949. These results were compared with 
the combined esophagomyotomy experience 
(Table 3). The criteria for evaluating the effec- 
tiveness of forceful dilation were similar to 
those applied for evaluating esophagomyot- 
omy. 

The late results of esophagomyotomy were 
significantly better than those for forceful dila- 
tion (p « 0.001). While most (8296) of the pa- 
tients treated by hydrostatic dilation under- 
went treatment once, 16% were dilated twice 
and 296 were dilated three or more times. 

A comparison of the early serious posttreat- 
ment morbidity and mortality indicated the 
more favorable risk of esophagomyotomy: 5 
patients undergoing esophagomyotomy had 
esophageal leak (3 requiring reoperation), 
whereas 19 patients undergoing dilation had 
esophageal leak (10 requiring operation). The 
2 deaths after dilation could not be directly re- 
lated to the procedure, although 1 patient died 5 
days and the other, two weeks after treatment. 
The single surgical death occurred during oper- 
ation as a consequence of an extreme hyper- 
thermia and fatal cardiac dysrhythmia. 


Comment 

The current treatment of achalasia is directed 
at palliation of the symptoms of ‘achalasia. At 
the present time, there is no known means 


of "curing" achalasia by restoring peristalsis 
to the bodr of the esophagus or restoring 
the normal -esponse of the lower esophageal 
sphincter to swallowing. Nevertheless, signifi- 
cant improvement can be accomplished by 
weakening the lower esophageal sphincter 
using either myotomy or forceful dilation. That 
neither metkod is wholly capable of effecting 
highly satisfactory results in all patients treated 
is clearly apparent. 

However, a properly performed esophago- 
myotomy cen effect consistent, prolonged, 
and significantly more favorable results 
than can forceful dilation, and with less risk. 
Whether subjecting patients to sequential 
treatment ard its cumulative risk is justified 
has not beer answered by this study. Patients 
who have fai ed to benefit from forceful dilation 
seem to respond to esophagomyotomy as well 
as if they Fad not had previous treatment. 
However, occasionally, intramural esophageal 
hemorrhage and fibrosis from previous forceful 
dilation may preclude the subsequent perfor- 
mance of an 2ffective myotomy. Our group be- 
lieves that surgical treatment should be the ini- 
tial therapy fr the reasons just indicated. Our 
current pract-ce is to elect forceful dilation only 
when the patient's condition does not permit: 
general anesthesia'and a major operation or if 
the patient declines operation. It should be 
noted, however, that a significant anatomical: 
esophageal Fiatal hernia can preclude the safe. 
and effective performance of forceful dilation, . 
and patients with. vigorous achalasia respond 
less well to dilation than do patients with 
classic achalasia [10]. The 16 patients with 
preexisting diaphragmatic hernia in the current 
surgical series and the 67 patients with vigor- 
ous achalasia treated surgically in the combined 
surgical series achieved the usual satisfactory 
result of operation. 

Although cur results with esophagomyotomy 
have remained consistent and gratifyingly fa- 
vorable for most patients, 696 of patients con- 
tinue to have poor results after operation. In our 
analysis, these poor results were attributable 
either to failire by incompletely relieving the 
obstructive zchalasia of the lower esophageal 
sphincter or -o failure by rendering the sphinc- 
ter incompetent. Some surgeons have reported 
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a considerably higher incidence of reflux esoph- 
agitis and its complications than the 3% 
observed in the present series [6]. TFe higher 
incidence could be due to the late development 
of hiatal hernia or the overzealous extension of 
the myotomy onto the stomach in an effort to 
relieve completely the sphincteric obs-ruction. 
Still others have suggested that the myotomy 
should be extended onto the stomach -outinely 
in order to destroy the sphincter and that an 
antireflux procedure should be routinely incor- 
porated in the initial surgical effort [1, 5, 11]. 
Appealing as this may be, insufficient data 
have been published to establish the rcle of the 
combined myotomy-antireflux procedure as 
routine practice in the initial surgical treatment 
of achalasia. In our very limited experience 
with this combination in patients with pre- 
existing hiatal hernia, the results would not 
appear to justify its use as a routine in all 
patients. 

However, we continue to support the concept 
of repair of a preexisting hiatal hernáa at the 
time of esophagomyotomy, utilizing a Belsey- 
type antireflux procedure. Contrary to -eported 


experience [11], we have found thet, when 


achalasia is present, the Nissen antire=lux pro- 
cedure is unpredictably’ obstructive to the 
amotile esophagus when used for correction of 
late postoperative reflux problems. 

Although it may seem that the surg=on who 
performs esophagomyotomy must choose be- 
tween either incomplete relief of achalasia or 
incompetence of the cardia, the present study 
indicates that 9496 of patients treated by a 
properly performed esophagomyotonry obtain 
significant long-term palliation of esophageal 
distress, with minimal morbidity and mortality 
and without producing either of these undesir- 
able side-effects. 
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Discussion 

DR RONALD C. ELKINS (Oklahoma City, OK): The ex- 
pe-ience at the Mayo Clinic with esophageal -disease 
represents one of the larger clinical experiences in the 
wcrld. The completeress of their records and the 
de-ailed evaluation of these data are a credit to all of 
the physicians involved. The present report clearly 
demonstrates the ability of a properly performed 
esophagomyotomy to provide subjective and objec- 
tive relief for the patient with achalasia. Unfortu- 
na:ely, the present operative approach is not com- 
pletely effective, and in fact, attempts to reproduce 
the results reported today have in general produced a 
much higher incidence of failure. In reviewing the 
literature, it becomes clear that 10 to 2596 of patients 
in whom a modified Heller myotomy was performed 
have an unsatisfactory long-term result. In most of 
these patients, failure relates to the development of 
ref ux esophagitis, although in the patients just re- 
viewed this occurred only in 5096 of those with poor 
results and its incidence in those patients with fair 
results was not reported. 

During the past seven years we have evaluated 
mcre than 800 patients with esophageal disease and 
have identified 48 patients with achalasia. This 
grcup of patients was very heterogeneous in that 
meny of them had undergone multiple attempts at 
escphageal dilation as well as many previous surgical 
prccedures. -In this; group of patients, gastro- 
escphageal reflux was demonstrated by the stan- 
dard acid reflux testing in 15 of the 48 patients, for an 
inddence of 3196. Six of the patients had not under- 
gone previous dilation or had had a previous opera- 
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tive procedure at the time of reflux. This leads me to 
ask whether Dr. Okike and his associates evaluated 
any of their patients before operative intervention or 
dilation for gastroesophageal reflux. 

The presence of gastroesophageal reflux in a pa- 
tient with achalasia is a particularly devastating 
event because of the total loss of the normal protec- 
tive mechanism of esophageal peristalsis. Operative 
intervention that can exacerbate this serious problem 
should be avoided. We have advocated the use of an 
antireflux procedure of the Belsey type on all patients 
undergoing a modified Heller procedure. Twenty 
patients were operated on during the past six years 
and to date they have all had an excellent postopera- 
tive result. Because of our dissatisfaction with the 
Belsey procedure in the treatment of patients with 
reflux esophagitis, and in the absence of motility 
disturbance, 2 patients were treated with a combina- 
tion of a modified Heller procedure and a Nissen 
fundoplication. Both patients had persistent dys- 
phagia requiring reoperation and conversion of the 
Nissen fundoplication to a Belsey Mark IV proce- 
dure. 

A cursory review of the literature reveals there are 
now several centers that have reported the use of an 
antireflux procedure in a combination with the mod- 
ified Heller procedure. All have developed this oper- 
ative approach because of dissatisfaction with their 
results in patients treated with a modified Heller 
procedure. Although this series from the Mayo Clinic 
has a very low incidence of reflux, our early results 
encourage us to continue the use of an antireflux pro- 
cedure with a modified Heller procedure. 


DR. VICTOR H. KAUNITZ (Teton Village, WY): I would 
like to raise two points in discussion of this excellent 
paper from the Mayo Clinic. 

The first point concerns operative exposure and 
ease of performing the myotomy. Several years ago I 
found that the crural muscle can be divided with 
complete impunity. There aré almost no discernible 
postoperative ill effects from division and resuture 
of hiatal muscle. By cleanly dividing the crus at 
thoracotomy and carefully laying back the anterior 
and posterior flaps of the diaphragm without divid- 
ing or stretching the phrenoesophageal membrane 
attachments, excellent exposure of the entire gastro- 
esophageal junction and lower esophageal sphinc- 
ter area is obtained. This allows for adequate myot- 
omy without disruption of the phrenoesophageal 
attachments, thereby preventing the production of 
a small sliding hiatus hernia. 


The second point concerns persistent achalasia and - 


reflux esophagitis. Although the authors state that 
persistent achalasia, not reflux esophagitis, is the 
major cause of poor results of myotomy, | believe that 
reflux esophagitis and spasm most certainly are 
causes of postoperative problems. Small hiatus her- 
nias are notoriously more troublesome than large 


ones. If the lower esophageal sphincter migrates up- 
ward, into or through the hiatus, into the posterior 
mediastinum, it tends to become incompetent. Re- 
flux then occurs, with all the resulting problems. 

The surgeon can either fail to recognize a small 
sliding hernia or produce one, as quite often hap- 
pens, by overzealous dissection under an intact crus 
in the desire to perform an adequate myotomy. 

I would like to suggest the following: (1) Exposure 
for myotory can be improved greatly and quite sim- 
ply by clean division, with later resuture of crural 
muscle. It is not necessary to produce a hernia in 
dissecting the area for a myotomy. (2) If a hernia is 
present, it should be corrected by whatever appro- 
priate maneuver the surgeon considers advisable. 


DR. HENRY J. HEIMLICH (Cincinnati, OH): It is a plea- 
sure to discuss this fine presentation from the Mayo 
Clinic. In 1978, my colleagues and I reported the re- 
sults of pneumatic dilation for achalasia, with similar 
findings (Ann Otol Rhinol Laryngol 87:519, 1978). 
However, our conclusions are quite different from 
those in this paper. 

The words forceful or rapid dilation should be 
abandoned. The balloon of the dilator is gradually 
distended, under fluoroscopic control, and full dis- 
tention is maintained for a period of five minutes. 
The pneumatic dilator cannot distend beyond a fixed 
diameter since it is encased in a nylon bag. Pneuma- 
tic dilation is safer in most instances, therefore, than 
the hydrostatic balloon, which continually expands 
as the pressure is increased. 

Interestingly, our roentgenographic findings on 
barium swallow done after dilation show greater pa- 
tency of the cardia than is usually seen after car- 
diomyotomy. The clinical results are excellent in 75% 
of patients. 

I would iike to ask the authors the following ques- 
tion: Since approximately 80 of each 100 of their pa- 
tients obtain as good a result with dilation as with 
cardiomyotomy, is it not advisable to use dilation 
first on the 100 patients and reserve cardiomyotomy 
for the 20 »atients with inadequate results? Dilation 
is a fifteen-minute procedure requiring no general 
anesthesia and only one-day hospitalization. We 
prefer that method to performing approximately 80 
unnecessary thoracotomies with surgical disruption 
of the hiatus, one and a half to two weeks of con- 
valescence. and frequent, long-term pain after tho- 
racotomy. : i - 

It is noted that, in this paper, the 1 death from 
cardiomyotomy was a result of anesthesia, which 
would not occur with dilation. The difference in the 
actual number of complications resulting from the 
two methods is statistically not significant. The 2 
deaths following dilation were stated to be unrelated 
to the procedure and perhaps are a result of selecting 
patients for dilation, rather than operation, because 
they were high operative risks. 
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DR. FRANKLIN HENRY ELLIS, JR (Boston, MA): I want to 
compliment the authors on this superb series, well 
analyzed and well presented. It is destined to become 
a classic in the literature on achalasia. 

It is particularly gratifying to me to see our original 
series confirmed by these data. They are identical to 
the early results we obtained at the Lahey Clinic in 
that the overall improvement rate is 94% and the 
overall incidence of postoperative reflux is 3%. It is 
almost as though the two series were copies of one 
another. 

I have a few questions and then I would like to 
discuss briefly my experience with esophagomy- 
otomy. Did any of the patients in the earlv series 
have further follow-up? I am particularly interested 
to know if cancer of the esophagus developed 
in any of them. Some of those patients could have 
been followed up for close to thirty years now. 
One would think that cancer would not result fol- 
lowing relief of the distal obstruction, but there have 
been a few reports of cancer of the esophagus fol- 
lowing esophagomyotomy. 

My own smaller experience involves 64 patients 
operated on between January, 1970, and January, 
1979. It differs from the Mayo Clinic series in that 


10% of these patients had had previous myotomy: 


elsewhere. The overall improvement rate is practi- 
cally identical, 92.496 and 9496, though the follow-up 
period is shorter. Four patients had poor results: 1 
had previously had a Nissen fundoplication unbe- 
known to us; reflux esophagitis developed in 1; an- 
other had previously had a myotomy and had a 
megaesophagus; and the fourth patient had an in- 
adequate myotomy, with persistent dysphagia. 

The question I would like to ask the authors con- 
cerns their overall results. Even though they are 
identical to the early series in terms. of overall im- 
provement, they show a marked reduction in fair re- 
sults and a considerable improvement in excellent 
results. These results suggest either that the surgical 
technique was altered or that the method of selecting 
patients for the second group was different from that 
used in the first group. 


DR. PAYNE: I appreciate Dr. Elkins's contribution to 
this discussion, particularly since his conclusions are 
contrary to ours. I wish to emphasize that current 
management of achalasia is not curative since it re- 


stores neither peristalsis nor physiological response. 


of the lower esophageal sphincter. We do, however, 
palliate exceedingly well by properly performing an 


esovhagomyotomy. By adhering to the technical de- 
tails defined, significant gastroesophageal incompe- 
tence is rare. The incidence of complications from 
gascroesophageal reflux on long-term follow-up in 
our large series was only 3%, an incidence consider- 
ably less than the late failure rate of currently avail- 
able antireflux operations. Thus, I am forced to con- 
cluce that the routine incorporation of an antireflux 
procedure with myotomy represents a therapeutic 
overkill and, in our limited experience, a result no 
better than myotomy alone. 

With regard to Dr. Kaunitz’s comments, I would 
emphasize that one should avoid dissection around 
the hiatus or creation of unusual traction on the 
esorhagus that might lead to the production of an 
anatomical hiatal hernia. In our experience, the pres- 
ence of a hiatal hernia with esophagomyotomy is an 
invitation to serious gastroesophageal reflux. The 
presence of a hiatal hernia is the only circumstance 
that we consider to be an indication for an antireflux 
procedure with myotomy for achalasia. 

In response to Dr. Heimlich, I can only point to our 
own experience with the high failure rate of 
pneumatic and hydrostatic dilation on long-term 
follow-up, with a fourfold increase in morbidity, 
compared with myotomy. Further, nearly half of 
the patients we operated on had had one or more 
previous forceful dilations without improvement, 
but cid obtain notable benefit from subsequent op- 
erations. 

Firally, we are all greatly indebted to Dr. Ellis for 
his many contributions to the current surgical man- 
agement of achalasia. In response to his question re- 
garding the late development of cancer in the patient 
who successfully underwent myotomy for achalasia, 
I can only state that we are only now beginning to see 
the cccasional patient with this complication de- 
velop.ng some twenty years after myotomy. I have 
no statistical data regarding this incidence. I think 
we mast continue to consider achalasia as precancer- 
ous, i-respective of the type of previous palliation of 
achalesia. 

With regard to the inquiry about the results in the 
two surgical series, I would emphasize only that our 
statisticians do not find any significant differences 
between those of the recent and previous series. I 
would add, however, that the recent series does not 
include patients undergoing repeat myotomy. Such 
reoperations were included in the earlier series, and 
this alone may account for minor variations ob- 
servec. 


Circular Myotomy as an Aid to Resection 
and End-to-End Anastomosis of the Esophagus 


" Abdulla A. Attum, M.D., John R. Hankins, M.D., Jerome Ngangana, M.D., 


and Joseph S. McLaughlin, M.D. 


ABSTRACT Segments ranging from 40 to 70% of 
the thoracic esophagus were resected in 80 mongrel 
dogs. End-to-end anastomosis was effected after cir- 
cular myotomy either proximal or distal, or both 
proximal and distal, to the anastomosis. 

Among dogs undergoing resection of 60% of the 
esophagus, distal myotomy enabled 6 of 8 animals to 
survive, and combined proximal and distal myotomy 
permitted 8 of 10 to survive. Cineesophagography 
was performed in a majority of the 50 surviving 
animals and showed no appreciable delay of peri- 
stalsis at the myotomy sites. When these sites were 
examined at postmortem examination up to 13 
months after operation, 1 dog showed a small diver- 
ticulum but none showed dilatation or stricture. 

It is concluded that circular myotomy holds real 
‘promise as a means of extending the clinical appli- 
cation of esophageal resection with end-to-end 
anastomosis. 


Previous experiments in dogs showed that 
when end-to-end anastomosis was performed 
after resection of 20 to 3296 of the thoracic 
esophagus, 6 of 9 animals survived [11]. But of 7 
animals in which 35 to 4296 of the esophagus 
was resected, only 3 survived; the other 4 died 
of anastomotic disruption. Circumferential 
transection of the longitudinal muscle fibers of 
the esophagus (circular myotomy) resulted in 
relaxation of tension and permitted successful 
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anastomosis in 15 of 19 animals after resection 
of 44 to 5696 of the esophagus. 

The present experiments were designed to 
explore further just how much esophagus could 
be resected with the aid of myotomy and still 
allow consistently successful anastomosis. 
Also, we wished to observe the animals on a 
long-term basis to see if any undesirable late 
anatomical or physiological sequelae of myot- 
omy would occur. 


Materials and Methods 

A series of 85 dogs weighing between 9.1 
and 27.7 kg were used for the experiments. 
The dogs were anesthetized with Nembutal 
(sodium pentobarbital) administered intrave- 
nously. Then, with positive-pressure ventila- 
tion maintained through an endotracheal tube 
attached to a Harvard respirator, a right 
thoracotomy was performed. The esophagus 
was mobilized over most of its length, and the 
length from thoracic outlet to diaphragm was 
measured. The desired proportion of the 
esophagus was then resected. The approxima- 
tion force necessary to bring the two ends to- 
gether was measured. 

Next, a circumferential transection of the lon- 
gitudinal muscle layer of the esophagus (partial 
circular myotomy) was performed in the prox- 
imal or distal segment, or both, 3 cm from the 
divided end. The technique of myotomy has 
been described in detail previously [11]. The 
approximation force was measured again. 
Then, an end-to-end anastomosis was carried 
out using two rows of interrupted 3-0 silk su- 
tures: an inner row including both muscularis 
and mucosa, with the knots tied inside the 
lumen, and an outer row in the muscularis 
only. The thoracotomy incision was closed 
without drainage after all air was aspirated 
from the pleural cavity. 

The dogs were divided into three groups ac- 
cording to the location of the myotomy. Each 
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group in turn was divided into three subgroups 
of 8 to 11 dogs each, according to the percent of 
thoracic esophagus that was resected. These 
percentages were 40, 50, and 60% in each of the 
groups undergoing proximal or distal myotomy 
alone, and 50, 60, and 70% in the group under- 
going combined proximal and distal myotomy. 

The dogs were given no food or water on the 
first postoperative day. They were allowed only 
water on the second and third days, milk and 
water on the fourth and fifth days, ground meat 
on the sixth through the tenth days, and regular 
kennel ration thereafter. 

All surviving animals were observed for a 
minimum of 2 months and in some instances 
up to one year. All dogs were weighed regu- 
larly. Cineesophagography was performed in 
34 dogs to look for anastomotic strictures and 
disordered peristalsis. Three animals later 
underwent motility studies performed by 
means of triple-lumen catheters introduced 
through cervical esophagostomies. (Technical 
difficulties prevented us from training the dogs 
to accept manometry catheters introduced by 
mouth.) At the end of the period of observa- 
tion, the dogs were killed and postmortem ex- 
amination of the esophagus and stomach was 
performed. 


Results 

A total of 85 dogs underwent esophageal resec- 
tion, but 5 were excluded because they died 
of anesthetic mishaps, pneumonia, or cther 
causes unrelated to the esophageal anasto- 
mosis. The results in the remaining 80 dogs are 
shown in Tables 1 through 3. 

The reduction of approximation force ranged 
from 29 to 34% in the groups undergoing re- 
section with proximal myotomy, and from 29 to 
33% in the groups that underwent resection 


Table 1. Proximal Myotomy 


Percent 

of Esophagus Total No. No. 
Resected of Dogs Surviving 
40 11 6 

50 8 4 

60 8 5 


Table 2. Distal Myotomy 


Percent 

of Esophagus Total No. No. 
Resected of Dogs Surviving 
40 9 7 

50 8 : 

60 8 6 

Table 3. Proximal and Distal Myotomy 

Percent 

of Esophagus Total No. No. 
Resected of Dogs Surviving 
50 10 

60 10 

70 8 4 


with distal myotomy. In the groups undergoing 
50, 60, and 70% resection with both proximal 
and distal myotomy, proximal myotomy, which 
was performed first, produced a reduction of 
approximation force ranging between 20 and 
26%. Distal myotomy then produced a further 
reduction averaging 23 to 25%. The reduction 
after combined myotomy in all three groups 
averaged 43% (range, 25 to 75%). However, 
there was not a positive correlation between the 
extent of reduction of approximation force 
brought about by the myotomy and the success 
or failure of the anastomosis. 

Of the 80 dogs, 50 survived the operation. At 
least half the dogs in each group survived (see 
Tables 1, 2, 3). Distal myotomy appeared to 
show a slight superiority over proximal my- 
otomy; this was most evident in the 40% 
and 60% resection groups. However, this dif- 
ference was not statistically significant. Con- 
sidering all animals undergoing 60% resection, 
proximal myotomy led to survival of 5 of 8 dogs; 
distal myotomy, 6 of 8 dogs; and combined 
proximal and distal myotomy, 8 of 10 dogs. 
Even when 70% of the esophagus was resected, 
combined proximal and distal mytomy enabled 
4 of 8 dogs to survive. All 30 of the dogs who 
did not survive the operation died of anas- 
tomotic leaks between the second and the 
fourteenth postoperative days, with the major- 


128 The Annals of Thoracic Surgery Vol 28 No 2 August 1979 


ity of the leaks becoming manifest between the 
fifth and ninth days. 

Among the 50 animals that survived the op- 
eration, 1 died of pneumonia 19 days after op- 
eration. Postmortem examination showed an 
intact anastomosis. Another dog that had been 
eating well escaped from the kennel after 24 
days. The remaining 48 dogs were all observed 
for more than a month. Forty-six were observed 
for at least 3 months, 27 for at least 6 months, 7 
for at least 9 months, 2 for 11 months, and 1 for 
13 months. At least 2 dogs from each of the nine 
groups were observed for 4 months or more. 

Four dogs persistently vomited part of their 
ingested food. They were killed at 2 to 672 
months after operation, and postmortem ex- 
amination revealed a dilated stomach with re- 
tained food in 3 of them, which suggests injury 
to the vagus nerve. The remaining animal had 
no findings to explain the vomiting. In addition 
to these 4 dogs, 6 others lost weight without 
vomiting. One was the dog that at postmortem 
examination was found to have pneumonia. 
In another, postmortem examination showed 
an anastomotic stricture. Two others showed 
motor abnormalities on the cineesophago- 
gram—cardiospasm in 1 and reverse peristal- 
sis in the other—that seemed to explain the 
weight loss. The 2 remaining dogs had normal 
findings both on cineesophagograms and at 
postmortem examination. 

Cineesophagograms, performed in 34 dogs, 
were interpreted as being completely normal in 
21 animals (Fig 1). In 9 dogs, they appeared to 
show anastomotic narrowing, but true anas- 
tomotic stricture was found postmortem in only 
2 of them, 1 being the dog showing weight loss. 
In addition to the 2 dogs with motor abnor- 
malities associated with weight loss, 1 animal 
exhibited reverse peristalsis and another 
showed hiatus hernia and reflux. None of the 34 
animals had dilatation or stricture at the 
myotomy site, or any delay in passage of peri- 
staltic contractions across the myotomy site. 

The motility studies were performed in 3 
animals that had not shown any problems with 
deglutition or weight loss. These studies indi- 
cated a tendency toward simultaneous contrac- 
tions but the lower esophageal sphincter func- 
tioned normally in each instance. 





: 


Fig 1. Barium esophagogram performed 12 days after 
resection of 40% of the thoracic esophagus, partial 
circular myotomy in the distal segment, and end- 

to-end anastomosis. There is no stricture at the 
anastomosis (arrows) and no stricture or dilatation at 
the myotomy site. The cinefluoroscopic study showed no 
motility disorder in the vicinity of the myotomy. 


Postmortem examinations were performed in 
all 30 dogs that died in the immediate post- 
operative period, and confirmed the presence 
of an anastomotic leak in each one. Postmortem 
examinations were performed in 49 of the 50 
surviving animals, the exception being the 
animal who escaped from the kennel. The 
findings with regard to the esophagus and 
stomach were normal in 41 dogs. In addition to 
the 3 with dilated stomachs and the 2 with 
anastomotic strictures, 2 dogs that had appar- 
ently been asymptomatic were found to have 
dilated stomachs. Finally, 1 dog had a small di- 
verticulum at the myotomy site, apparently the 
result of a technical error, and a seemingly un- 
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Fig 2. Esophagus removed postmortem, 61/2 months 
after resection of 40% of the esophagus, partial circular 
myotomy in the distal segment, and end-to-end anas- 
tomosis. (A) External aspect. The specimen has been 
distended with water and both ends have been clamped. 
Arrows, from left to right, point to the myotomy site, 
which shows no dilatation or stricture, the gap between 
the muscle edges having been bridged over by fibrous 
tissue; the anastomosis; and the vagus nerve, which has 
been preserved. (B) Luminal aspect. Arrows point to the 
anastomosis. The myotomy site is not discernible. 


related pneumonia. This diverticulum was the 
only anatomical abnormality found at the 
myotomy site in the entire series. In all the 
other animals the myotomy sites had been 
bridged over with fibrous tissue so that they 
were barely detectable from the external aspect 
and were not discernible at all from the luminal 
aspect (Fig 2). 


Comment 
Livaditis and associates [9, 10] resected up to 
36% of the thoracic esophagus in piglets and 
found that complete circular myotomy reduced 
anastomotic tension by an average of 66%. 
There were no anastomotic breakdowns. There 
were no control animals in which resection and 
anastomosis was performed without myotomy. 
In a study at our laboratory, Muangsombut 
and colleagues [11] tried complete circular myot- 


omy in dogs and found the procedure dam- 
aged the submucosal vascular plexus, which 
tended to adhere to the circular layer of the 
muscularis. Partial circular myotomy, with 
transection only of the longitudinal layer of 
muscle, preserved the vascular network and yet 
reduced tension as effectively as did complete 
myotomy. In a control group of animals in 
which myotomy was omitted, 6 of 9 survived 
when anastomosis was done after less than 33% 
of the esophagus had been resected. But of 7 
dogs in which more than a third of the 
esophagus (range, 35 to 42%) was resected, 
only 3 survived. In contrast, 6 dogs had partial 
circular myotomy proximal to the anastomosis 
after resection of 47 to 50% of the esophagus; 
only 1 died. Partial circular myotomy distal to 
the anastomosis enabled 5 of 6 dogs to survive 
after resection of 44 to 50% of the esophagus. 
Combined proximal and distal myotomy al- 
lowed survival of 5 of 7 animals in which a 
larger percentage, 52 to 6196, of the esophagus 
was excised. 

The purpose of the present study was to per- 
form similar experiments in a larger group of 
dogs so that we might compare the effective- 
ness of myotomy performed proximal or distal, 
or both proximal and distal, to the anastomosis. 
Also, we wanted to determine more definitely 
the amount of esophagus that could be resected 
with the aid of myotomy and still allow suc- 
cessful anastomosis in a majority of the ani- 
mals. Finally, we proposed to follow the ani- 
mals tor a longer period of time than the 
average of 2 to 3 months of follow-up afforded 
by the former study [11], to see if any late unde- 
sirable sequelae of myotomy would develop. 

Myotomy performed distal to the anas- 
tomosis appeared to allow a higher survival 
than that performed proximal to the suture line 
(see Tables 1, 2, 3). However, the differences 
were not statistically significant. We suspect 
that if we had been able to perform experiments 
on a lerger number of animals, which would 
have made small differences statistically sig- 
nificant, the superiority of distal myotomy 
would have been confirmed. During the per- 
formance of these experiments, we noted that 
the distal esophagus had a richer blood supply 
and that the proximal end of the distal segment, 
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after a distal myotomy, tended to show less 
ischemia than the distal end of the proximal 
segment after a proximal myotomy. Combined 
myotomy both proximal and distal to the anas- 
tomosis appeared to provide a higher survival 
than proximal or distal myotomy alone, except 
in the 50% resection group. Again, however, 
the differences were not statistically significant. 
The reduction of approximation force after 
combined myotomy was, on the average, al- 
most twice that produced by either proximal or 
distal myotomy alone. But this effect was ap- 
parently outweighed in some animals by the 
diminution in blood supply to both ends of the 
esophagus occasioned by the myotomies. 

There are some inconsistencies in our data: 
some groups of dogs undergoing only a 40 or 
50% resection had a higher mortality than those 
that had 60% of the esophagus resected. We 
believe these inconsistencies were caused by 
factors other than the method of performing the 
myotomy that were more difficult to stan- 
dardize. Nevertheless, the data seem to indicate 
that in dogs, with the aid of myotomy, up to 
60% of the esophagus can be resected with 
reasonable expectation of a successful anas- 
tomosis. 

The long-term follow-up of these animals 
using cineesophagograms and, in 3 dogs, 
motility studies, showed no appreciable im- 
pairment of esophageal function attributable to 
the myotomy. The few instances of sluggish or 
reverse peristalsis that were observed appeared 
to have been caused by the resection and anas- 
tomosis rather than by the myotomy. Our 
findings agree in general with those of Cakmak 
and associates [1], who performed esophageal 
manometry in cats that had undergone 
esophageal resection and anastomosis with the 
aid of myotomy. They found evidence of de- 
layed motility distal to the anastomosis, but no 
impairment of lower esophageal sphincter tone 
or detectable disorder of motility at the my- 
otomy site. Postmortem studies in our animals 
as late as 13 months after operation showed 
no stricture or dilatation at the myotomy 
sites, and only one small diverticulum, 
which was probably caused by a technical 
error. 


Davidson [3] and Henderson [6] used circular 
myotomy in humans to lengthen the esophagus 
and thereby facilitate the reduction and repair 
of hiatus hernias. Eraklis and co-workers [4] 
and Slim [14] performed circular myotomy in the 
upper esophageal pouch of infants with atresia 
to facilitate primary repair. 

We have not found any references to the use 
of circular myotomy to facilitate esophageal re- 
section with end-to-end anastomosis in the 
adult person. In humans, primary end-to-end 
anastomosis can be performed with consistent 
success only when short segments not exceed- 
ing 4 or 5 cm in length are resected [2, 5, 7, 8, 12, 
13, 15). When resection of more than this 
amount is attempted, the anastomosis fails be- 
cause of tension and necrosis at the suture line. 
If the success that attends the use of circular 
myotomy in dogs is even partially realized in 
humans, the procedure should extend the 
applicability of resection with primary anas- 
tomosis to a wider variety of clinical entities 
than those for which it is presently useful. 
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Discussion 

DR. ROBERT W. M. FRATER (New York, NY): At the 
Albert Einstein College of Medicine, we have con- 
sidered this subject not from the viewpoint of resect- 
ing the esophagus but rather of being able to reduce 
a short esophagus to a subdiaphragmatic position 
and perhaps alter the tendency for hiatal hernias to 
recur, if this is, indeed, ever due to shortening of the 
longitudinal muscle. We have done a myectomy rather 
than a myotomy. In other words, we didn't just make 
a circumferential incision; we actually removed 
longitudinal and circular muscle down to the 
submucosal plexus. Extensive manometric studies 
showed no change in peristalsis and no change in 
lower sphincter behavior if a single myectomy was 
done. However, if we did two myectomies separated 
from each other, we found an absence of peristalsis 
in the lower esophagus and apparently a failure of 
the lower esophageal sphincter to relax. 

I am interested to know what the manometric 
studies showed in this investigation and if, in the 
presence of a combination of resection and myot- 
omy, something similar to our results with a double 
myectomy was seen. 


DR. ROBERT D. HENDERSON (Toronto, Ont, Canada): I 
compliment the authors on an excellent presentation. 
It is very hard to interpret such dog data in terms of 
humans. Also, the dog's esophagus is more mobile 
and can be more extensively resected than a hu- 
man's. 

Several years ago, we did studies on esophageal 
resection in dogs and performed vagotomy as well as 
myotomy above and below the resection. Radiologi- 


cal and manometric studies were included in the 
follow-up. When the vagus nerve was divided, 
which occurs in many instances in humans, the dis- 
tal esophagus and the gastroesophageal junction did 
show profound motor changes. 

I have also observed patients who have undergone 
circumferential myotomy, and I think that the 
radiological changes presently being reported are 
very misleading. Radiology is a poor method of as- 
sessing esophageal motor function, and in the dog 
most radiological studies are done horizontally rather 
than vertically. Dilatation of a diverticulum at the site 
of myotomy is not readily recognized in the hori- 
zontal position. Dilatation often occurs in humans 
and can be a problem with circumferential myotomy. 
However, in most patients it does not give rise to 
dysphagia. 

I would like to caution against using these meth- 
ods in humans for resection of malignancy. The gain 
in distance is only about 2 cm per myotomy, and it 
seems most unlikely that an adequate cancer resec- 
tion could be done. 


DR. TOM R. DE MEESTER (Chicago, IL): I rise to con- 
gratulate the authors on the development of an in- 
novative technique and to sound a note of caution. I 
had a patient who previously had undergone resec- 
tion of a leiomyoma of the middle third of the 
esophagus. In the process of removing the leio- 
myoma, a complete circumferential myotomy re- 
sulted, much like the experimental technique just 
reported but with less sparing, I am sure, of the lon- 
gitudinal fibers. I saw the patient five years after this 
incident. He had a very dilated esophagus in the lo- 
cation cf the myotomy, much like the complication 
the authors described in 1 of their experimental ani- 
mals. A barium swallow revealed little functional ab- 
normality. A barium meal, however, showed that the 
peristalsis in the upper esophagus was unable to 
push a bolus of solid food across the dilated mucosal 
bridge. The solid food collected in the area of dilata- 
tion and produced substernal discomfort. The pa- 
tient subsequently required a colon interposition to 
restore reasonable swallowing. 

I do think it important that some caution be exer- 
cised before the technique is applied to humans. I 
would judge its frequency of application should be 
rather low. 


DR. HANKINS: I would like to thank Drs. Frater, Hen- 
derson, and DeMeester for their remarks. They 
raised a number of points, and within the time limit I 
can't cover them all. Suffice it to say, we did 
esophageal manometry in only 3 dogs. We had great 
difficulty teaching the dogs to accept manometry 
catheters and chose to insert them through cervical 
esophagostomies. In the 3 dogs studied, there was 
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some tendency to simultaneous contractile waves in 
the body of the esophagus, but the lower esophageal 
sphincter functioned normally in every dog. Admit- 
tedly, it is difficult to interpret the conclusions from 
experiments in dogs in terms of humans because the 
dog's esophagus differs considerably from ours. We 
are currently evaluating circular myotomy in rhesus 
monkeys and have been more successful in per- 
forming manometry in the monkeys. Again we have 
found no consistent interference either with peri- 
staltic waves or with the lower esophageal sphincters 


in the monkeys studied to date. It appears that cir- 
cular myotomy is effective in monkeys, although we 
are not able to get as great a lengthening of the 
esophagus in monkeys as in dogs. We have been able 
to resect 2596 of the esophagus with the aid of 
myotomy in the distal segment, with successful 
anastomosis in the majority of the animals. 

In reply to Dr. DeMeester, I admit that caution 
must be exercised in the use of this procedure in 
humans, particularly when a radical myectomy 
rather than a myotomy is being performed. 


Notice from the Southern Thoracic Surgical Association 


The Twenty-sixth Annual Meeting of the 
Southern Thoracic Surgical Association will be 
held at the Hilton Palacio Del Rio Hotel, San 
Antonio, TX, Nov 1-3, 1979. There will be a 
$100 registration fee for nonmember physi- 
cians except for guest speakers, authors and 
co-authors on the program, and residents. 


Applications for membership should be 
completed by Sept 1, 1979, and forwarded to 
Thomas O. Gentsch, M.D., 1150 NW 14th St, 
Miami, FL 33136. 


Richard B. McElvein, M.D. 
Secretary- Treasurer 


GORE-TEX reinforced 
vascular am gratis, after 
60,000 implants: 
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Summary of Clinical Data, as of September 25, 1978. 


Avg. Months Months 
Number Number % Weighted Maximum 
Implanted Patent Patency Experience Experience 






Operation type 
Above-Knee 





















Fem- pop 1740 1526 88% 3.6 

Ilio-fem 153 145 9596 4.] 

Ilio-pop 58 54 9396 "AN 18 
Fem-fem 105 98 9396 2.3 20 
Pop-segmtl 14 11 7996 1.3 17 
Aorta-pop 21 16 7696 2.4 14 
Aorta-fem 133 128 96% 6.4 29 
Axil-fem 143 132 92% LZ 14 
Axil-bifem 3l 3l 10096 K Wi 16 
Aorto-iliac 5 5 100% 2.0 6 
Fem-profunda 14 11 7996 1.9 15 
Axil-pop 19 17 8996 5.9 16 
Iliac-fem 2 ] 5096 3.5 7 
Iliac-pop 10 7 70% 6.0 24 
Others d 2 5096 «0.5 l 


Group Totals 


Below-Knee 
Fem-dist-pop 958 792 83% 4.2 34 
Fem-ant-tibial 183 129 7096 L5 19 
Fem-post-tibial 292 197 6796 2.6 38 
Fem-peroneal 111 78 7096 L2 22 
Aorta-ant-tib 2 l 50% 0.0 0 
Ileo-post-tib 9 4 8096 La 6 
Ileo-pop 5 3 60% 30 5 
Fem-dorsalis ped 24 13 54% 3.0 12 
Aorto-dist pop 9 5 100% 4.8 7 
Iliac ant-tib i 4 10096 a2 8 
Axil-dist-pop 2 2 100% 11.0 13 
Iliac-dist-pop 4 2 50% 0.5 l 
Pop-post-tib 2 2 100% 0.5 l 
Other 7 3 43% <0.5 ] 
Group Totals 1604 1235 77% 2.8 38 
Cross-over Grafts 
Fem-fem 185 176 95% 6.2 30 
Fem-pop 37 33 89% 22 24 
Fem-profunda fem 3 d 10096 A4 7 
Axil-fem 6 6 10096 3.0 16 
Fem-distal pop l ] 10096 7.0 7 
Others 4 3 75% <0.5 2 
Group Totals 236 222 9496 5.4 30 
Composite Grafts 
C-fem-distal-pop 9 9 100% 2.6 8 
C-fem-ant-tib | 3 3 10096 6.0 7 
C-fem-post-tib 14 13 93% 3.6 7 
C-fem-peroneal 4 4 100% 2.5 5 
Group Totals 30 29 97% 3.4 5 
AV Fistulae 76 416 5476 . 22 
Forearm 504 478 95% 0.8 18 
Upper arm 370 352 95% 3.6 20 
Arm 49 39 80% 0.7 10 
Leg 101 98 97% 1.0 18 
Group Totals 1520 1383 91% 2.3 22 
Pulmonary Grafts 
Aorta-pulm shunt 57 48 84% 3.4 27 
Pulm reconstrts 3 2 67% 0.0 0 
Subclav-pulm l l 100% 1.0 l 
Group Totals 61 5] 8496 3:1 27 
Other Arterial Grafts 
Renal artery 18 17 94% 10.7 30 
Axil-axil 33 33 100% 4.1 18 
Carot-subclav 52 50 96% 8.9 31 
Aorto-coronary 15 11 7396 2.3 17 
Aorto-renal 25 23 9296 4.0 26 
Others 64 62 9796 K B 29 
Group Totals 207 196 95% S5 31 
Venous Grafts 8 34 89% 7.8 42 
Patches 143 135 94% 5.0 30 


Totals, All Operations 6291 5469 87% 22 42, 


In 1977, we said: “It is time 
to consider GORE-TEX reinforced 
polytetrafluoroethylene (PTFE) 
vascular grafts as a viable alterna- 
tive to saphenous vein autografts! 

Has experience borne out that 
claim? Let's take another look. 


. The A a 
reinforced PTFE 
works. y 


If anecdotes were data, 
we'd have no trouble proving 
this point. Most surgeons who 
have used our grafts are high in 
their praise. 

It is, in the majority opinion, 
the first such graft to come close 
to the promises made for it. 

It is, according to observations 
and recent in vitro studies, 
relatively thromboresistant. And, 
when a thrombus forms, it is easy 
to de-clot. 

It is, according to theory but 
not yet confirmed by data, less 
likely to present embolism prob- 
lems later. (A thin, stable intima 
forms. Whether it's a neointima, 


pseudointima, or true endothelium 


is open to debate—but the thin- 
ness is the key to logic of 
the theory.) 

It is, in its reinforced form, 
much more resistant than other 
versions of expanded PTFE to 
aneurysmal dilatation. It has high 
radial or bursting strength and 
high suture-holding power. 

And it is easy to handle and 
use. Unlike woven or knitted 
grafts, it will not ravel or 
fray. And it does not require 
pre-clotting. 

But is it, as we stated earlier, 
a viable alternative to the 
saphenous vein? 

Yes, if. 

Yes, if there is no vein 
available. 

Yes, if the vein is "borderline" 
either in size or condition. 

Yes, if the patient's condition 
is such that a prolonged exposure 


to anaesthesia, or even to the delay 
in providing the vein, is critical. 

Yes, if there is the likelihood 
of cardiac surgery, for which the 
saphenous vein should be saved. 

Given those indications, the 
GORE-TEX graft is, indeed, a 
viable alternative to the saphenous 
vein. But ualess those conditions 
exist, prudence and experience 
make the saphenous vein the graft 
of choice. 





Arteriogram of a GORE-TEX polytetra- 
fluoroethylene graft during flexion of the knee. 


The problem 
rarest. 


As of Sepzember 25, 1978, 
there were approximately 
60,000 GORE-TEX vascular graft 
implants, with over 6,000 follow 
ups. The overall patency rate 
was 87%. 

Those data, sliced into what 
we hope are useful pieces, are 
presented in Table at left. 

A close look at the data will 
reveal one problem: average 
follow-up times. 

They're too short. 

The problem is two-fold. 

First, we are, of course, 
dependent on the voluntary coop- 
eration of surgeons for our follow- 
up data. And we know that if you 
were to provice all the data that 


all manufacturers wanted, you 
would have to spend all of your 
hours filling out follow-up forms. 
And, of course, even if you had the 
time, you can't keep up with all 
patients over a period of years. 
The second part of the 
problem is statistical. The use of 
GORE-TEX grafts is increasing so 
rapidly that we will, for a long 
time to come, have a far greater 
number of recent implants than 
of old ones. (For every GORE-TEX 
graft implant used three years ago, 
there are almost 100 used today. 
Our current reported rate-of-use is 
approximately 5,000 per month.) 
This necessarily skews our 
data average toward the more 
recent history. Which is also true 
for a life table method of data 
presentation. Even though the 
maximum experience reported in 
each category is in the two-to-three 
year range, the weighted averages 
are more like two-to-three months. 


More data. 
More problems. 
Some suggestions. 


On the last page of this 
advertisement, you'll find a bibli- 
ography of published experimen- 
tal and clinical reports on the use 
of GORE-TEX vascular grafts, and 
a coupon for your convenient use. 

One problem is that we know 
the list is not current. Additional 
papers are always being delivered, 
and published. If you would like 
us to keep you up-to-date as new 
reports appear, check the appro- 
priate box on the coupon. 

A more basic problem with 
these data, and ours, and all 
vascular statistics is the lack of 
uniformity in reporting. We're 
supporting efforts to establish 
some profession-wide protocols 
begun with a symposium at the 
1978 meeting of the American 
College of Surgeons. If you have 
any suggestions at all, we'd appre- 
ciate them. Just write to us. 


GORE-TEX” 
vascular grafts, 
in brief. 


GORE-TEX vascular 


grafts are made of expanded, low- 


density polytetrafluoroethylene 
(PTFE), reinforced by a strong, 
fine lattice of the same material 
wound about the exterior. 
GORE-TEX vascular grafts 


are easy to handle, with excellent 


resistance to kinking. And they 
exhibit high suture-holding 
power. They are, of course, fully 
biocompatible and, unlike 
knitted or woven prostheses, do 
not require pre-clotting. 
GORE-TEX vascular grafts 


for vascular surgery are available 


in a wide range of diameters. 

See next page for free 
GORE-TEX graft test-pack and 
complete bibliography, available 
as reprints. 


Free test-pack 
, 
e 
reprints. 

Submit the handling and 
suture-holding characteristics 
of GORE-TEX grafts to the most 
meaningful test equipment: your 
own hands. Our test kit, not 
intended for actual surgery, 
includes a short length of a 


GORE-TEX graft and a 6-0 
double-armed suture. Try it for 


yourself. Also, take your choice of 


reprints of any of the experi- 


mental, clinical, and engineering 


reports listed. 


Current bibliography. 

1. Nonvein Bypass in Below-Knee Reoperation 
for Lower Limb Ischemia Steven J. Burnham, 
M.D., D. Preston Flanigan, M.D., James J. 
Goodreau, M.D., James S. T. Yao, M.D., Ph.D., 
and John J. Bergan, M.D., Chicago, Ill. Surgery, 
Sept., 1978 

2. Expanded Polytetrafluoroethylene as Dialysis 
Access Grafts: Serial study of Histology and 
Fibrinolytic activity R. Shack, M.D., W. Neblett, 
M.D., R. Richie, M.D., R. Dean, M.D. 

The American Surgeon Dec. 1977 

3. A Prosthesis For Blood Access In Patients with 
Thrombosis of Peripheral Vasculature 

T. Buselmeir, M.D., J. Rynasiewicz, M.D., 


D. Sutherland, M.D., R. Howard, M.D., T. Davin, 


M.D., S. Mauer, M.D., R. Simmons, M.D., 
J. Najarian, M.D., C. Kjellstrand, M.D. Dialysis 
and Transplantation August 1977 


4. A Synthetic Vascular Conduit (Expanded PTFE) 


For Hemodialysis Access — A Preliminary Report 
B. Pasternak, M.D., S. Paruk, M.D., S. Kogan, 
M.D., S. Levitt, M.D. Vascular Surgery 
Mar/April 1977 


5. Polytetrafluoroethylene Grafts for 
Arteriovenous Fistulae A. Mohaideen, M.D., 
M. Avram, M.D., R. Mainzer, M.D. N.Y. State 
Journal of Medicine Dec., 1976 


6. Arterial Prosthesis of Microporous Expanded 
Polytetrafluoroethylene for Construction of 
Aorta-Pulmonary Shunts A. Gazzan-ga, M.D., 

J. Lamberti, M.D., R. Siewers, M.D., D. Sperling, 
M.D., W. Dietrick, M.D., R. Arcilla, M.D., 

R. Replogle, M.D. Journal of Thoracic ard 
Cardiovascular Surgery Sept., 1976 


7. The Use of Expanded Microporous Polytetra- 
fluoroethylene for Limb Salvage: A Preliminary 
Report C. Campbell, M.D., D. Brooks, M_D., 
M. Webster, M.D., H. Bahnson, M.D. Surgery 
May, 1976 


8. Small-Vessel Replacement with GORE-TEX 
(Expanded Polytetrafluoroethylene] A. Florian, 
M.D., L. Cohn, M.D., G. Dammin, M.D», 

J. Collins, M.D. Archives of Surgery March, 1976 


9. A Small Arterial Substitute: Expanded 
Microporous Polytetrafluoroethylenz: Patency 
Versus Porosity C. Campbell, M.D., D. Goldfarb, 
M.D., R. Roe, M.D. Annals of Surgery 

August, 1975 


10. Segmental Venous Replacement D. Smith, Lt. 
Cmdr. (MC) USN, J. Hammon, M.D., J. Anane- 
Sefah, M.D., R. Richardson, M.D., =. Trimble, 
M.D. Journal of Thoracic and Cardiovascular 
Surgery April, 1975 

11. Replacement of Portal Vein During 
Pancreatectomy for Carcinoma L. Norton, M.D., 
B. Eiseman, M.D. Surgery February, 1975 


12. Use of GORE-TEX Grafts for Replacement 
of the Superior and Inferior Venae Cavae 

Y. Fujiwara, M.D., J. Cohn, M.D., D. Adams, 
M.D., J. Collins, M.D. Journal of Thoracic and 
Cardiovascular Surgery May, 1974 


13. A New Vascular Prosthesis for Smal! Caliber 
Artery H. Matsumoto, M.D., T. Hasegawa, M.D., 
K. Fuse, M.D., M. Yamamoto, M.D., M. Saigusa, 
M.D. Surgery October, 1973 


14. A New Venous Prosthesis T. Sover, M.D., 
M. Lempinen, M.D., P. Cooper, L. Norton, M.D., 
B. Eiseman, M.D. Surgery December, 1972 


15. Summary of Clinical Evaluation Data, 
May, 1977 W. L. Gore & Associates, In«. 


16. Long-Term Dilatation Characteristics of 
GORE-TEX Vascular Grafts: Design Criteria 
W. L. Gore & Associates, Inc. 


Indications 
and 
Contraindications. 


To sterilize: 

Grafts may be sterilized using steam, gas 
or flash autoclave techniques. Remove the 
graft from the PVC blister tray and 
repackage for sterilization. Do not place 
the package label in contact with the graft 
during sterilization. Do not place objects 
on the repackaged graft during steriliza- 
tion. (See Contraindication #5, 5) 

Using steam, autoclave ator above these 
minimum requirements: 250° Fahrenheit 
(121° Centigrade) for 20 minutesat 15 p.s.i. 
Grafts should never be exposed to 
temperatures greater than 482° Fahrenheit 
(250° Centigrade). 

Using a flash cycle, sterilize at or above 
these standard minimum requirements: 
270° Fahrenheit (132° Centigrade) for 
3 minutes at 30 p.s.i. Grafts should never 
be exposed to temperatures greater than 
482° Fahrenheit (250? Cen-igrade). 

Using gas, sterilize according to 
equipment instructions. 


Indications: 

1. Use a 5-0 or 6-0 nonabsorbable suture 
with a cardiovascular needle for best 
results on graft diameters of 6mm or less. 
Larger sutures may be used with larger 
diameter grafts. 

2. Intra-operative inspection of 
anastomoses using irrigant solutions may 
result in serum leakage when blood flow 


_is established in the graft. To prevent 


this, care must be taken not to generate 
syringe pressures sufficient to force 
irigan through the graft walls. To do so 
will alter the hydrophobic (non-wetting) 
properties of GORE-TEX. (See Contra- 
indication #11) 

3. Trim grafts to desired length using 
sharp surgical instruments. Grafts should 
be handled with clean forceps or gloves. 
GORE-TEX grafts are not “elastic!’ There- 
fore, proper matching of lengths is 
essential. If the graft is cut too short, 
excessive stress may be placed on the 
sutures and the graft at the anastomosis. 
(See Contraindication #10) 

4. Ensure, when using this graft in blood 
access applications or where repeated 
needle punctures of the graft are necessary, 
that needle puncture sites are spaced apart 
along the accessible sub-cutaneous length 
of the graft. Repeated needle puncture of 
the graft at the same site, or within the 
same immediate area, may cause me- 
chanical damage to the graft which could 
lead to hematoma, false aneurysm or true 
aneurysm. Patients should be carefully 
monitored to assure that this instruction 
is followed. 

Contraindications: 
1. Do not pre-clot the graft. 
2. Do not sterilize by irradiation 


techniques. 

3. Grafts should never be exposed to 
temperatures exceeding 482 
Fahrenheit (250° Centigrade). 

4. Do not sterilize more than three times. 

5. During sterilization, do not place 
grafts under heavy or sharp objects 
which might crush the grafts. 

6. Do not attempt to sterilize the label 
attached to the PVC blister tray at 
high temperatures, as the materials 
(inks and adhesives) on the label may 
contaminate any objects in contact 
ys the label during the sterilization 
cycle. 

7. Do not handle graft with ungloved 
hands. It should be handled only with 
clean instruments. 

8. Do not attempt to resterilize any 
unused graft portion which has been 
contaminated with blood or any other 
foreign material. 

9. Do not use absorbable sutures. 

10. Do not cut graft while holding under 
tension. Doing so may cause separa- 
tion of the outer layer. The GORE-TEX 
graft is a composite structure consist- 
ing of an inner base tube and a thin 
outer layer which reinforces the base 
tube to prevent aneurysmal dilatation. 
Do not use any portion of a GORE-TEX 
graft which has damage to or separa- 
tion of the outer layer of the graft. 

Should the outer reinforcing layer 
become frayed at the end of the graft, 
do not pull on or peel the outer layer 
from the base tube. Carefully trim off 
the portion of the graft where the outer 
layer is frayed. 

11. Do not force irrigatin 
through the graft wall. Rene, e may 
result in serum leakage after blood 
flow is established. 

12. Do not place grafts in any fluid prior 
to use. Doing so may result in serum 
leakage after blood flow is established. 

13. Do not puncture the graft repeatedly 
at the same site, or within the same 
immediate area. (See Indication #4) 


solutions 


W. L. Gore & Associates, Inc. 
P.O. Box 1220 


i d 
rei re Q Route 213 North 
Elkton, MD 21921 


Gentlemen: 
wv "d Please send me your GORE-TEX vascular graft test kit. 
i Please send me the reprints and reports whose numbers 
I nave circled. 
l. 3. 5. 7. 9. LI. 13. 15. 
& ^ 4. 6. 8. 10. 12. 14, 16. 


Ki Please send me additional reprints as they are published. 
[] Please have your representative call for an appointment. 


Enclosed are my suggestions for standardization of vascular 
statistics. 
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Surgical Specialty 








To: desse Jones Box Corp. 
NOW—A handsome way to protect ie Are Pt 
and preserve your personal copies of Philadelphia, PA 19141 
THE ANNALS OF THORACIC SURGERY My check or money order for 


$=  . isenclosed. Please send 









A durable, custom-designed Library Case or Bincer will protect your Ae 
copies of THE ANNALS OF THORACIC SURGERY from loss and 
wear. At the same time, this impressive addition to your library wil! help = E dier = "pe com 
you conserve valuable space and reduce clutter. Roth the case and the inder(s), for issues from 
; January, 1976 to present. Each binder 
binder come in handsome maroon simulated leather, with an Fg 
- , ; dale holds 12 issues. Prices: $6.50 each: 
embossed spine in 16-K gold lettering for maximum legibility. Scuff- 4 for $25.00. 
Modele oh EAE each includes gold transfer so you can print the [1 THE ANNALS OF THORACIC 
Ven. SURGERY Case(s) for issues from 
Order your Library Case or Binder for THE ANNALS OF THORACIC January, 1976 to present. Each case 
SURGERY by simply mailing the cou- holds 12 issues. Prices: $4.95 each; 
pon opposite witF your check, specify- 3 for $14.00; 6 for $24.00. 
ing with your order which style and [ ]THE ANNALS OF THORACIC 
size you prefer. Setisfaction is uncondi- SURGERY Case(s) for issues prior to 
tionally guaranteed or your money January, 1976. Each case holds 12 
back. issues. Prices: $4.95 each; 3 for 





$14.00; 6 for $24.00. 


MHORACK 








i RGERY 
Name 
Address 
ee RN 
City State Zip 


* , 
1 rr 


(The prices above include postage and handling 
within the United States; make checks payable 
to Jesse Jones Box Corp.). For all orders out- 
side the United States, please add $1.00 per 
unit. 
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are developed at Piling. 












Demos 





Tibial Artery NN | 


Wylie | 
Hypogastric Clamp c 






Pilling has been the craftsman behind almost e You ve had box locks break. It'll never happen 
every improvement in vascular clamps. again. Pilling box locks are virtually indestruc- 
Pilling has more clamps than any other tible — they will not break! Our Life-Lok® 
company. Only three of our recent clamps are box lock construction protects your patient 
shown above; yet our list is extensive and new and assures confidence in your clamps. 


w We want to send you full specifications on the 
A clamps that can enhance your surgical technique. 
Call us direct. We'll send you our 240 page 
catalog showing how Pilling clamps can do more 





occlusion. With intimal protection. No riveted pin. Box lock won't break. for you in the operating room than any other 
designs are constantly in production. For aortic clamps. 

and peripheral vascular occlusion, 350 different 

Pilling clamps match the anatomical consid- Call toll free. Ask for Pilling's latest catalog of 
erations for almost every surgical approach vascular, thoracic, and cardiac instruments. 
Mog Net | | 800-523-6507 

Every Pilling clamp gives you these exclusive 215-843-2600 in Pennsylvania or write 
benefits: Mr. William Taylor at the address below. 


e Non-traumatic Atraugrip? jaw serrations — 

patented by Pilling and now widely imitated, 

grasp vessels firmly without crushing. Five ; 
different jaw patterns are available: Atraugrip®, <> NARCO PILLING 

Small Atraugrip®, Atraugrip® (2 x 3), Cooley, A Division of Narco Scientific 


and Pediatric, Imm. You get complete vessel Delaware Drive 
occlusion with intimal protection. Fort Washington, PA 19034 e U.S.A. 
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Small, simple design. Proven reliability. 
The Pacing For Life'" warranty. All these 
are attributes of Medtronic's Mirel'"-VL, the 
smallest pacemaker available with such a 
big warranty" 

The technological leadership of the 
Mirel™ pacemakeris reflected in its simplic- 
ity-a design engineered by Medtronic to 
provide the surgeon and patient with a 
small, extremely reliable pacemaker. 

There are only 23 components in the 
bipolar unit; 21 in the unipolar. The top half 
of the unit contains a hermetically sealed, 
single hybrid circuit comprising all the elec- 
tronics except for three discrete compo- 
nents. The bottom half of the unit is a high- 
density, lithium-iodine battery, hermetically 
sealed within its contoured stainless steel 
enclosure. 

But don't let its simplicity fool you. The 
Mirel'" pacemaker is quite a performer. It 
incorporates all Medtronics proven per- 
formance features such as Constant 
Energy, Constant Rate, patented reversion 
circuit, rate limit protection with single 


















RELIABLY SIMPLE MIREL 
OFFERS PACING FOR LIFE 


A demonstration of lightness. The Mirel'" pacemaker weighs 60 grams—the same 
as the two surgical instruments or the stack of gauze pads. 





thee i 





component failure, and a dual refractory 
period. 

Its Pacing For Life™ warranty provides 
this assurance to the patient who receives 
a Mirel™-VL pulse generator: 

“If the pulse generator fails to function 
within normal tolerances for any reason 
(including exhaustion of the battery or other 
component), Medtronic will provide for the 
patient a functionally comparable Med- 
tronic pulse generator at no charge. In addi- 
tion, if the failure is due to a defect in mate- 
rials or workmanship, Medtronic will reim- 
burse the patient for up to $450.00 of rea- 
sonable, uninsured medical expenses in- 
curred in connection with the replacement:' 

All that in a 60 gram pacemaker a scant 
53 mm in diameter. 

The Mirel'" pacemaker by Medtronic. 
For more information, send in the coupon 
on the back. 


*Meatronic* Mirel™-VL has Medtronic’s 
Pacing For Life™ warranty. Ask your 
Medtronic representative for details. 









For Epicardial Pacing 
‘6917’ is the Lead of 
Choice 


Its hard to improve on the most widely 
used pacing lead in the world. 

But Medtronic has made design 
changes and added a tool to help make 
your use of this product more efficient. 

Of course, there have been improve- 
ments in the lead handle and tunneller. 

And, Medtronic has developed a com- 
panion lead, the 6917A. It has a shorter 
electrode and a two-turn rotation. 

A supporting product to both designs is 
the Model 6017A myocardial test probe. It 
allows you to predetermine suitable elec- 
trode sites on the myocardium. Further- 
more, this test probe approximates the 
penetration depth and surface area of the 
6917A electrode and, therefore, preliminary 
thresholds measured with the probe 
closely predict actual 6917A thresholds. 

The 6917 corkscrew design is backed by 
more than five years of clinical experience 
and 60,000 implants. 

The reduced surface area of the 6917A 
electrode draws 7.8% to 9% less current 
drain than the Model 6917, providing up to 
ten additional months of pacemaker serv- 
ice life. It's also possible to achieve signifi- 
cant reductions in chronic thresholds with 
the 6917A. 





The Medtronic* 6917 and 6917A leads 
are designed for placement on either 
ventricle. 


Here’s a Solution 
for the High 
Threshold Problem 


It's anagging problem that typically man- 
ifests itself in the O.R. The patient's stimu- 
lation threshold is beyond the output capa- 
bility of typical pulse generators and can't 
be reduced by lead repositioning. 

The solution is the Xyrel®-HT pace- 
maker. 

Its energy output at BOL (beginning of 
life) is 138 microjoules. At end of life, 
energy output is still 109 microjoules (com- 
pared to 36 microjoules BOL for a new 
Mirel™ pulse generator). 

This high output pulse generator is 
lithium powered and offers the physician 
noninvasive rate programming, too. It is 
available in bipolar and unipolar configura- 
tions in the standard Xyrel® titanium hous- 
ing. 

Pulse amplitude is 8.6 volts (16.9 mil- 
liamps). Rate is programmable to seven 
pacing rates (50, 60, 70, 75, 80, 90 and 100 
ppm) and one diagnostic rate (30 ppm). 

Keep in mind that because of the high 
output of the Xyrel*-HT generators, their 
projected service life is considerably short- 
erthan normally anticipated for a Medtronic 
Mirel™ or other Xyrel® series pulse 
generators. 

Nevertheless, its a good solution to a 
problem the surgeon occasionally encoun- 
ters. The Xyrel*-HT pacemaker, from Med- 
tronic. 
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The ring-tipped electrode of the Model 6961-62 lead is designed for enhanced 


electrical efficiency. 


There are three reasons why Med- 
tronics Tenax™ tined leads have become 
the most prescribed endocardial leads in 
the world. 

e Superior electrical performance offered 
by the ring-tip electrode design. 

e Proven reduced incidence of lead dis- 
lodgement. 

e Greater theoretical lead longevity based 
on tests of the multifilar conductor coil. 

Actually, three electrode design features 
contribute to this lead's superior perform- 
ance. 

For one thing, research has shown that 
its reduced electrode surface area (only 8 
mm?) is one of the best compromises be- 
tween high current density for stimulation 
and an acceptable impedance affecting 
sensing. Of course, a reduced electrode 
surface area also minimizes pulse 
generator current drain. 

Secondly, the gentle curvature of the tip 
electrode minimizes tissue trauma. This 
enhances performance by reducing the 
degree of myocardial tissue degeneration 
which often results in fibrotic build-up. 

Besides outstanding electrical charac- 
teristics, lab tests of Medtronic's multifilar 
coil design show its having a potential flex 
life over 1,000 times greater than earlier 
endocardial lead designs which used a 
single-filament, nickel-alloy conductor. 

Dislodgement is reduced by the small, 
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The configuration of the Model 6961-62 
electrode concentrates the current field 
in the areas of curvature. This directs 
more available current into the endo/ 
myocardium. Thus, overall electrode 
efficiency, primarily stimulation thresh- 
olds, is enhanced. 


soft, compliant tines on Medtronic's 
Tenax™ leads. They anchor within the car- 
diac structure of the ventricular chamber. In 
clinical studies, lead related reoperation in- 
cidence has averaged less than 5% for the 
Model 6961-62 leads, compared to 21% for 
a standard flanged endocardial lead with- 
out tines. 

For a brochure showing the reoperation 
rates at nine medical centers, plus other 
information on Tenax™ 6961-6962 leads, 
send in the coupon at left. 
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Contraindications—Endocardial pacing leads are contraindicated in the 
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direct, low resistance current path to the myocardium. During the connec- 
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be used with the lead system to protect against ventricular fibrillation in- 
duced by alternating current leakage. Extreme caution must be taken to 
properly ground all line-powered equipment used in the vicinity of the 
patient. Lead adaptors, lead extenders and repair kits should not be used if 
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Precautions The pacing system may cease to function due to lead-related 
problems such as displacement, fracture, fibrotic tissue formation and ee- 
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through body tissue, transvenous lead-related thrombosis embolism. 

How Supplied—Medtronic* permanent implantable leads and accessori2s 
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CENIFIUW 


Blood Flowmeter 
System 


CLINIFLOW provides the most widely accepted 
clinical blood flow measurement system available. 
It is designed specifically for clinical applications 
where patient safety and simplicity of operation 
are of paramount importance. 









The system is available with a two-channel 
recorder for simultaneous measurement of 
pulsatile and mean flow. 






CME also offers the industry's widest variety of 
pre-calibrated blood flow probes to fit almost 
any application. Write or call for full information. 






CME ... first in flowmetry. 





i E a 1171 
LI tel LI 


Lour. 


PL 


CAROLINA MEDICAL 
ELECTRONICS, INC. 


P. O. BOX 307, KING, N. C. 27021 USA 
TELEPHONE (919) 983-5132 


Little, Brown keeps pace with 


progress 


Function —. 
Principles a 
Applicatio 5 





Cardiovascular 


Function 
Principles and Applications 


CONTENTS 


Contributing Authors 
Preface 


|. Cardiovascular Measurements 

1. Pressure and Stress 

2. Flow, Dimension, and Volume 

3. Data Acquisition and Information Processing 


Il. Cardiac Function 

4. Electrical Properties of Cardiac Muscle 

Warren G. Guntheroth 

5. Contractile Properties of Cardiac Muscle 

6. Cardiac Cycle, Heart Sounds, and Cardiodynamics 
7. Cardiac Work, Heterometric and Homeometric 
Autoregulation, and Influence of Autonomic Nerves 
8. Evaluation of Ventricular Performance 


IIl. The Vascular System 

9. The Arterial System 

10. The Microcirculation 

James E. McNamee 

11. The Veins and Venous Return 
12. Regional Vascular Beds 


IV. Circulatory Integration and Regulation 
13. Theory and Properties of Control Systems 
Matthew B. Wolf 

14. Neural Control 

15. Reserves and Characteristic Responses 
Appendix 

Analog Computer Circuits 

Digital Computer Programs 


Index 


This text is designed not only to present the latest information 
in cardiovascular physiology, but also to introduce the areas 

of instrumentation, control systems, and data processing— 
essential for current investigative work in the field. CARDIO- 
VASCULAR FUNCTION prepares you to understand and inter- 
pret the broad range of ongoing work in cardiology and cardio- 
vascular physiology. 

CARDIOVASCULAR FUNCTION: Principles and Applications 
is a comprehensive survey of modern cardiovascular physiol- 
ogy that synthesizes classic and contemporary methods and 
findings without omitting controversial areas. On disputed sub- 
jects, the authors state their preferences but also examine 
existing alternatives. The book is profusely illustrated and con- 
tains many previously unpublished graphs and charts from the 
authors' experimental work. An appendix containing workable 
analog computer circuits and digital computer programs in 
current use adds to the practicality of the volume. 

Yesterday's references weren't made for today's technology. 
CARDIOVASCULAR FUNCTION: Principles and Applications 
was. Use the coupon below to order your copy on 30-day 
approval. 

If coupon has been removed, order directly from Little, Brown 
and Company, Medical Division, 200 West Street, Waltham, 
Massachusetts 02154 


411 pages, illustrated. #001902, $35.00 


By Francis L. Abel, M.D., Ph.D., Professor and Chairman, 
and Ernest P. McCutcheon, M.D., Associate Professor, 
Department of Physiology, University of South Carolina 
School of Medicine, Columbia 


Clip and mail to: 

Little, Brown and Company 
Medical Division 

200 West Street 

Waltham, Massachusetts 02154 





Please send me copy/copies of Abel and 
McCutcheon's CARDIOVASCULAR FUNCTION 
(#001902, @ $35.00) on 30-day approval. 


[.] Please bill me. 


O My check for $____ is enclosed with the 
understanding that, if | am not entirely satisfied, | 
may return the book(s) within 30 days of receipt 
for a full refund. 


Publisher pays postage and handling if payment 
accompanies order. Please add sales tax if 
applicable. 


Name 





Address 





City | dii. 


(In Canada, order directly from J. B. Lippincott of Canada, 
Ltd., 75 Horner Avenue, Toronto, Ontario M8Z 4X7, Canada.) 


Esophageal Carcinoma: An Aggressive Approach 


M. H. Drucker, M.D., K. A. Mansour, M.D., C. R. Hatcher, Jr., M.D., 


and P. N. Symbas, M.D. 


ABSTRACT During a 3-year period, 45 patients 
with esophageal carcinoma (18 of the lower anc 27 of 
the middle third) underwent esophagectom- and 
esophagogastrostomy. All patients were considered 
to be in Stage I and Stage II preoperatively, put at 
the time of operation, 66% were found to have Stage 
III disease. 

All patients underwent mobilization ct the 
stomach through a laparotomy, and resection of the 
esophagus and reconstruction of the continwity of 
the gastrointestinal tract through a separate right lat- 
eral thoracotomy incision. Following operaton, 22 
patients (10, Stage I and II and 12, Stage III) received 
no radiotherapy and 23 patients (5, Stage I anc IJ and 
18, Stage III) received radiotherapy. Two patients 
died in the immediate postoperative perioc, for a 
surgical mortality of 4.8%. 

Because of the acceptable survival and emhance- 
ment of quality of life, esophagectomy and ssopha- 
gogastrostomy should be offered not only to Stage I 
and II patients with esophageal carcinoma but also 
to selected patients with Stage III disease and those 
with lower and middle third esophageal lesions. 


Carcinoma of the esophagus remains a disease 
generally resistant to aggressive therapy, be it 
surgical] therapy, irradiation, or both. This is 
perhaps due to the lateness with which zhe dis- 
ease is diagnosed; frequently it is a "silent"! le- 
sion, with dysphagia seen as a late sym»tom of 
esophageal obstruction [8]. Perhaps it is due to 
the lack of effective therapeutic modal ties for 
altering the disease process itself and to the un- 
predictability of the tumor [2, 12]. 

As a result of the grim outlook for patients 
with carcinoma of the esophagus, two phil- 
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osophies for its management have emerged. 
One suggests that the primary effort in treat- 
ment should be curatve [15, 18], while the 
other maintains that inasmuch as 60 to 7596 
of these patients are incurable at the time of 
diagrwosis, palliation should be the main thrust 
of therapy [11, 23, 24. and cure a secondary 
benefit. 

Dissatisfied with our previous treatment 
protccol, survival rates, and palliation, in 1973 
we b2gan to offer palliative resection to all pa- 
tients with middle or lower third esophageal 
carcinoma without obvious metastatic disease, 
as did others [2, 3, 11, 23]. It was our hope that 
by restoring a patient's ability to swallow, the 
qual-ty of life would be greatly improved and 
perhaps survival would increase as well. 

Tre present report is concerned with 45 
consecutive patients who underwent esopha- 
gectomy and esophagogastrostomy at Grady 
Memorial and Emory University Hospitals be- 
tween May, 1974, and March, 1977. 


Materials and Methods 
During a 3-year period, 45 patients with mid- 
dle and lower third esophageal squamous cell 
cardnoma underwent esophagectomy and 
esovhagogastrostomy. Follow-up ranged from 4 
months to 4 years. The clinical and surgical 
staging of the carcinoma was done according to 
the American Joint Committee for Cancer 
Staging and End Results Reporting for car- 
cinoma of the esophagus [1]. Esophagectomy 
anc esophagogastrostomy were offered to pa- 
tients with Stage I or Stage II disease as deter- 
mined before operation. The age and sex dis- 
tribution and the symptoms when the patients 
were first seen are shown in Figure 1 and Table 
1. There were 27 men and 18 women ranging 
from 38 to 78 years old. Dysphagia and weight 
loss were the most common complaints, and the 
av2rage duration of symptoms was 14.9 weeks. 
Ten of the patients received preoperative ir- 
radiation (2,000 rads) to the mediastinum. In all 
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Fig 1. Age (yr) and sex distribution among 45 patients 
with esophageal carcinoma when first seen. 


Table 1. Symptoms in 45 Patients 
at the Time They Were First Seen? 


No. of 

Symptom Patients 
Dysphagia 42 
Pain 

Substernal 15 

Epigastric 11 
Liquid diet 18 
Regurgitation 6 
Food becomes stuck 8 

on swallowing 

Aphagia 1 
Hematemesis 5 
Nausea and vomiting 5 
Alcohol abuse 3 
Hemoptysis 1 


aThe duration of symptoms averaged 14.9 weeks and aver- 
age weight loss was 9.7 kg. 


patients, the abdomen was explored initially 
and the extent of intraabdominal metastasis 
was assessed. When hepatic involvement was 
found, the procedure was terminated; if, how- 
ever, there was no liver involvement, and re- 
gardless of the nodal status, the stomach was 
mobilized and a pyloroplasty was performed. A 
separate incision was then made in the right 
chest, the esophagus was mobilized 5 to 6 cm 
above the gross margin of the tumor, and 
esophagectomy and esophagogastrostomy were 
performed. When extramural esophageal exten- 
sion of the carcinoma was encountered, the 
tumor and adjacent nodes were removed only 


Table 2. Intraoperative Findings 
for 30 Stage III Patients 


No. of 
Finding Patients 
Regional nodes 24 
Celiac nodes 11 
Bronchial involvement 6 
Periaortic nodes 3 
Gastrohepatic nodes 2 
Pericardial involvement 1 
Local extension through esophagus 12 


to the extent that was safe and feasible. A 
nasogastric tube was inserted into the stomach 
before completion of the anastomosis, and 
the anastomosis itself was constructed using 
standard techniques. Central or peripheral hy- 
peralimentation was begun immediately 
after operation, if it had not been initiated be- 
fore operation, and was continued until an 
esophagogram was obtained a week after oper- 
ation. Fostoperatively, 5 patients with Stage I 
and Stage II disease and 18 patients with Stage 
III disease received radiation therapy (4,000 to 
6,000 rads) to the mediastinum. 

Survival was calculated and the data were 
produced by the method of Kaplan and Meir 
[13]. The p values were calculated using 
Geham's [7] generalized Wilcoxon statistic for 
censored data (all were two-sided). 


Results 
Although all patients were classified as having 
Stage I or II disease preoperatively, intraopera- 
tively 30 of the 45 patients were found to have 
Stage III disease. These patients usually had re- 
gional lymph node involvement, although more 
distant involvement was also noted (Table 2). 
Histologically, 3396 of the tumors were well 
differentiated, 4496 were moderately differen- 
tiated, and 16% were poorly differentiated 
squamous cell carcinomas; in 796 the degree of 
differentiation was not known. No difference 
was noted in the stage of the disease as deter- 
mined by the histological type of the car- 
cinoma, by the site of involvement, or the stage 
of the disease according to the site. 

Two patients died after operation. The first 
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Table 3. Surgical Complications in 45 Patients 








No. cf 
Complication Patients 
Wound infection 5 
Margins not free from tumor 5 
Stricture at suture line 3 
Respiratory failure 2 
Postoperative mortality 2 
Compromise of segment 1 
Miscellaneous” 4 





"Thoracic duct fistula; inappropriate antidiuretic hormone, 
pulmonary embolus; esophageal cutaneous fistula (4 
months after operation). 


was a 62-year-old man with Stage I disease who, 
3 weeks after operation, aspirated and died. 
The other was a 77-year-old man who became 
septic after necrosis developed in that portion 
of the stomach located in his chest. Late deaths, 
nonrelated to the carcinoma, occurred in 3 pa- 
tients; 2 died of atheromatous disease (1 rom a 
cerebral vascular accident 2 months postopera- 
tively and 1 of a myocardial infarction after 3 
months) and 1 of hepatitis 13 months post- 
operatively. Surgical complications are listed in 
Table 3. Wound infections developed ir 5 pa- 
tients and responded to local care. Strictures of 
the suture line which responded to esoraageal 
dilatation occurred in 3 patients. The 5 patients 
with recurrent tumor underwent postoperative 
radiation therapy. 

The survival rate for the patients with Stage I 
and Stage II disease was combined for statistical 
reasons. Four treatment groups can be recog- 
nized; patients with Stage 1 or Stage II disease 
who were or were not treated with radiation 
therapy and patients with Stage III disease 
treated with or without irradiation. Thre was 
no statistical difference in survival between 
patients who received no irradiation ar.d those 
in Stage I, IL, or III who received either preoper- 


ative or postoperative radiation therapy (Fig 2). 


Furthermore, no difference was noted ir. overall 
survival between patients in Stage I anc Stage II 
and those in Stage III (p = 0.788). Similarly, no 
difference was noted between the middle and 
distal third lesions with respect to irradiation 
regardless of the stage of the disease (Fizs 3, 4). 
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Fig 2. Survival in months (MTH) after esophagogas- 
trectomy by stage. (RAD = radiation therapy.) 
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Fig 3. Survival in months (MTH) after esophagogas- 
trectomy in patients with middle third lesions. 
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Fig4. Survival in months (MTH) after esophagogas- 
trectomy in patients with distal third lesions. 
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Comment 

The outlook for patients with carcinoma of the 
esophagus is poor regardless of the therapeutic 
modalities employed. Indeed, 5-year survival 
as reported by the American Joint Committee 
[1] ranges from 3 to 20%. Surgical survival at 5 
years ranges from 2 to 21% depending on the 
series, irradiation alone from 4 to 7% and com- 
bined therapy from 14 to 25% [4]. In all these 
data, however, patient selection and ‘‘operabil- 
ity" become important, and the series may not, 
in fact, be comparable.. 

Radiation therapy alone provides poor pal- 
liation and has a 76% recurrence rate [20]. 
Other complications of irradiation include 
tracheoesophageal fistula, esophageal perfor- 
ation, recurrent stricture, and aspiration. In 
addition, dysphagia is relieved only temporar- 
ily in the majority of patients [5, 24]. Radiation 
therapy, however, has been shown to diminish 
tumor size [8], and, since operation and radia- 
tion therapy have had equally poor results [10], 
irradiation has been used either preoperatively 
or postoperatively for carcinoma of the 
esophagus. Indeed, Nakayama and Kinoshita 
[16] reported 3-, 4-, and 5-year survival rates 
of 27.5, 31.8, and 37.5%, respectively, using 
preoperative irradiation followed by esopha- 
gogastrostomy, with a 3.9% operative mortal- 
ity. Parker and Gregorie [20, 22, 24], review- 
ing a 22-year experience, also advocated a 
combined approach. With proper patient selec- 
tion and the criterion of limited resectability, 
they achieved a 1996 5-year survival. Others, 
however, have not found preoperative radia- 
tion therapy beneficial. Groves and Rodriguez- 
Antánez [9] abandoned it because they 
could not demonstrate any increase in survival; 
similarly Boyd and co-workers [3] were unable 
to demonstrate any benefit from preoperative 
irradiation. Skinner [23] also abandoned this 
approach after very discouraging results with 
his first 10 patients. 

Because of extremely low survival with any 
form of therapy, a philosophy for palliative 
treatment has evolved in which the quality of 
life is improved with surgical resection as long 
as there is a low operative risk to the patient. 
Certainly, operative mortality rates of 25%, as 
reported by Logan [14], or 2896 as reported by 


Belsev and Hiebert [2] would be generally unac- 
ceptable for pure palliative operation. Indeed, 
in 1977 Hankins and associates [11] reported a 
1396 mortality for middle third lesions and a 
6.7% mortality for distal third lesions using 
palliative operation. Similarly, Skinner [23] re- 
portec 1 death out of 23 radical resections. 

The probable reasons for the recent increase 
in surgical survival are the improved preopera- 
tive ard postoperative patient care and perhaps 
the improved technique of the gastroesoph- 
ageal anastomosis. Hankins and colleagues 
[11], Belsey and Hiebert [2], Wilson and asso- 
ciates [24], and Skinner [23] all attest that 
preoperative preparation is crucial. An attempt 
should be made to restore the patient to posi- 
tive nitrogen balance with high protein-high 
calorie supplements through enteral or par- 
enteral hyperalimentation. Blood volume def- 
icits should be corrected. Vigorous pulmonary 
toilet with physiotherapy, bronchodilators, and 
antibiozics as indicated should be provided, 
and smoking should be stopped, if possible. 

Extreme care should be taken in performing 
the eso»hagogastrostomy since the high mor- 
tality noted in the past has been attributed to 
leaks at the anastomotic site. Logan [14] noted 
that one-third of the postoperative deaths in his 
series were caused by anastomotic leakage; 
Belsey and Hiebert [2] had 15 of 140 patients die 
of this complication, with 5 nonfatal leaks; and 
Skinner [23] noted that 7 out of 40 esophago- 
gastrostomies leaked before he changed his 
technique to obviate this problem. 

Our approach has been to construct the 
anastomosis under no tension and to wrap the 
stomach around the anastomosis. The stomach 
is then sutured in several areas to the parietal 
pleura. 

Postoperatively, the patient is usually kept on 
hyperalimentation for seven days at which time 
an esopaagogram is obtained. If the anas- 
tomosis is intact, feedings are begun and the 
patient is rapidly advanced to a regular diet. If, 
however, there is any question about the integ- 
rity of the anastomosis, hyperalimentation is 
continued until the leak is sealed. Postopera- 
tively, al. patients are instructed to follow the 
mechanical therapeutic modalities that are ad- 
vised to patients with an incompetent gas- 
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troesophageal junction to prevent reflux of gas- 
tric contents. 

It has been suggested that preoperative 
staging would be useful to possibly define the 
population that might benefit from radi- 
cal—i.e., curative—operation [15]. Mediastin- 
oscopy [15] and exploratory laparotomy [10, 
12, 16] can do this, although the former has 
marked limitations with distal third lesions and 
the latter with middle third lesions. The prob- 
lem as we see it is that, rather than provide a 
means to distinguish between patients who are 
potentially curable and those who are not, these 
staging techniques will serve only to deny the 
Stage HI patient a chance for palliative opera- 
tion, and the patient will be confined to a non- 
surgical protocol with its inherent complica- 
tions and unacceptability. 

The quality of life is markedly improved in 
patients undergoing esophagogastrostomy, as 
noted by ourselves and.others [11]. Dysphagia is 
relieved, the ability to swallow is restored, the 
patients gain weight, aspiration is no longer a 
problem, and a sense of well-being usually pre- 
vails. Radiation therapy can then be added for 
residual tumor, although our results do not en- 
courage its usefulness. 

Survival rates, too, are affected. Indeed, the 
results presented here compare favorably with 
other series reported [4]. From the data, how- 
ever, it appears that radiation therapy does not 
add significantly to survival in these patients 
(see Figs 2, 3, 4), as was also observed by Han- 
kins and colleagues [11]. 

It was somewhat disheartening to us that in 
spite of the marked improvement in the quality 
of life of these patients, an increase in survival 
between Stage I and II patients and Stage III 
patients could not be appreciated within the 
confines of this study. This may be related in 
part to the methodology with relatively few 
patients in each treatment group and in part to 
the fact, as suggested by Logan [14] and Skin- 
ner [23], that esophagectomy and esophagogas- 


. trostomy is not a curative operation for car- 


cinoma of the esophagus and that wider en-bloc 
resectional therapy is needed for tumor extir- 
pation. Thus, the problem may not be related 
to Stage III patients whose survival is in- 
creased over similar patients treated with other 


modali-ies* but rather to the Stage I patients 
who perhaps are inadequately treated with an 
esophagectomy and esophagogastrostomy. The 
applicebility of more radical resection if feasi- 
ble, is imited, however, since 66% of the clini- 
cal Stage I patients have intraoperative Stage III 
disease and these patients are candidates for a 
palliat-ve, rather than curative, procedure. 

Our approach, then, is to offer palliative oper- 
ation fo those patients with Stage I, II, or III 
diseas» of the middle or distal third of the 
esophagus, who have no evidence of hemato- 
genous metastasis regardless of lymphatic 
disease. Patients excluded a priori are those 
with tumor extension into the trachea or 
left main bronchus noted preoperatively, 
hepatic metastasis, tracheoesophageal fistulas, 
or asc-tes or those who are inoperable for medi- 
cal reasons. Radiation therapy may or may not 
be added to the therapeutic regime. This treat- 
ment protocol is predicated, of course, on a low 
operative mortality with minimal morbidity. 
Carcinomas of the upper third of the esophagus 
are treated with radiation therapy only. 
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The Changing Role 


of Surgery for Pulmonary Metas:ases 


Patricia M. McCormack, M.D., and Nael Martini, M.D. 


ABSTRACT From 1960 to 1977, 663 resections for 
pulmonary metastases were performed in 448 pa- 
tients, 202 with a sarcoma and 246 with a carcinoma. 
The majority of the patients (70%) had wedge resec- 
tion or segmentectomy. Operative mortality was 
1.096 (7 patients in 663 thoracotomies). With the in- 
creased effectiveness of chemotherapy in some spe- 
cific areas—osteogenic sarcoma and carcinoma of 


the testis, breast, and colon—the role of surgery is - 


changing. Surgery is now indicated to establish the 
histology of a solitary lesion, resect metastases unre- 
sponsive to chemotherapy, and to reclassify lesions 
that stabilize but do not disappear totally with che- 
motherapy. 


The surgical resection of pulmonary metas- 
tases from primary tumors arising elsewhere in 
the body began fortuitously. In 1939, Barney 
and Churchill [2] reported performing a lobec- 
tomy for a solitary lesion that proved to be a 
renal metastasis. Subsequent nephrectomy in 
that patient led to long-term survival. 

The first such operation at Memorial Hospital 
was done in 1940. The initial patients were 
carefully selected. They had either a solitary 
metastasis or multiple lesions limited to one 
lung. A long, disease-free interval was another 
prerequisite. From 1940 to 1965, only 25 pa- 
tients fit these strict criteria. Ten survived more 
than 5 years. Since then, resection has been of- 
fered to patients with solitary as well as multi- 
ple and bilateral metastases. 

Marcove and co-workers [16] in 1970 pub- 
lished results of amputation in 145 patients 
with osteogenic sarcoma. Lung metastases de- 
veloped in 8396 within 24 months of operation. 
This led to a 3-year survival of 596 following 
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diagnosis of the metastatic disease. They re- 
ported no 5-year survivors in this group. 5ince 
there was no effective chemotherapy in the 
mid-:960s, we began an aggressive surgical ap- 
proach to eradicate all pulmonary disease in 
patients with osteogenic sarcoma [3, 14]. In the 
first 22 patients, 5-year survival was 3296, with 
27% at 10 years. The same approach was used 
in tke treatment of pulmonary metastases in 
othe- types of sarcomas as well as carcinomas. 


Material and Methods 

The present study includes all patients operated 
on for pulmonary metastases from primary car- 
cinomas or sarcomas from 1960 to 1977 in the 
Thozacic Service of Memorial Sloan-Kettering 
Canzer Center. All charts and slides of diseased 
tissues were reviewed. Clinical and follow-up 
data were available for all patients. During this 
per-od, resection of pulmonary metastases was 
dore on 246 patients with primary carcino- 
mas and 202 patients with primary sarcomas 
(Ta»le 1). 

Cex distribution followed the pattern of pri- 
mary tumor. Resected pulmonary lesions aver- 
aged 3 cm in diameter, ranging from 1 mm to 
11.5 cm. Only 67 patients (1596) had cough, 
hemoptysis, or chest pain when first seen. The - 
remainder were asymptomatic at the time of 
diagnosis. Patients ranged from 17^ to 83 years 
old. All pulmonary metastases were detected by 
plain chest roentgenogram or tomogram, and 
all diagnoses were confirmed histologically. 

The extent of disease workup for each patient 
before operation varied depending on the site 
of origin of the primary tumor. Carcinomas 
will metastasize to more than one distant 
site, usually including the liver. The screening 
program in patients with these tumors must 
select those in whom the lungs contain the only 
metastasis. 

The appearance of a solitary pulmonary le- 
sion in patients with a known extrapulmonary 
primary tumor suggests three possibilities. It 
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Table 1. Origin of Primary Tumor in 448 Patients Seen between 1960 and 1978 


No. of 

Location of Carcinoma Patients 
Colon 50 
Testis 40 
Skin (melanoma) 40 
Breast 34 
Head and neck PA 
Kidney 22 
Uterus, ovary 14 
Bladder 8 
Other 11 

Total 246 


could be a primary carcinoma of the lung, a 
benign lesion, or a metastatic tumor from the 
known primary [4, 5]. It has been our experi- 
ence that a solitary lesion is more likely to be (1) 
metastatic if the known malignancy is a sar- 
coma or a melanoma, (2) a new primary if the 

source is in the head, neck, or breast, and (3) an 
. equal chance of either if the known primary is 
. of gastrointestinal or genitourinary origin [4]. 

We have four established criteria for pulmo- 
nary resection of metastatic lesions. The pri- 
mary site must be controlled or controllable; 
there must be no extrapulmonary metastases; 
the patient must be a good operative risk; and 
: there. must be no other effective means of 
treatment available. The surgical guideline we 
follow in resecting metastatic disease is to 
remove. all disease while preserving the 
maximum amount of functioning lung tissue. 
The disease-free interval between treatment of 
the primary tumor and:treatment of the second- 
ary tumor ranged from zero, when the lesions 
were diagnosed simultaneously, to 28 years in a 
malignant melanoma. We found no correlation 
between the length of. the disease-free interval 
and survival. 

Of the 448 patients, 204 (46%) had a solitary 
unilateral lesion at initial thoracotomy. A car- 
cinoma was involved in 138 patients and a sar- 
coma in 66. In 354 patients (7996) all disease was 
limited to one lung. In addition to the patients 
with unilateral solitary lesions, 73 patients had 
unilateral multiple carcinomas and 77, multiple 
sarcomas. Only 8 patients (296) had bilateral 
solitary lesions: 3 with carcinoma and 5 with 


No. of 

Type of Sarcoma Patients 
Osteogenic 86 
Synovial 23 
Leiomyosarcoma 21 
Schwannoma 15 
Fibrosarcoma 14 
Rhabdomyosarcoma 12 
Liposarcoma fF 
Chondrosarcoma 6 
Alveolar soft part 5 
Other 13 

Total 202 


Table 2. Number of Thoracotomies per Patient 
among 448 Patients Seen from 1960 to 1978 


Se No. of Patients a. 

cotomies Carcinoma Sarcoma cotomies? 
1 200 107 307 (46.7) 
2 39 63 204 (30.7) 
3 4 17 63 (9.5) 
4 2 11 52 (7.8) 
5 0 1 5 (0.8) 
6 0 2 12 (1.8) 

10 1 1 20 (3.0) 
Total 246 202 663 


aNumber in parentheses is percentage of total. 


sarcoma. The remaining 86 patients (19%) had 
multiple lesions in both lungs; 32 involving car- 
cinoma and 54, sarcoma. 

A total of 663 thoracotomies were performed. 
A single procedure was required in 307 patients 
(68%). However, more extensive disease neces- 
sitated more than one thoracotomy in the re- 
maining 141 patients (Table 2). 

Resection of all visible metastases was possi- 
ble in 91% (604/663) of the thoracotomies. The 
majority (461/663 or 70%) were a wedge or seg- 
mental resection. A lobectomy was performed 
in 125 instances (19%), either because of the 
site of the lesion or because diagnosis by frozen 
section did not rule out a new primary lung 
tumor. Pneumonectomy was carried out in 18 
instances (2.7%). Removal of a lung was done 
only when lesser resection was not feasible and 
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Fig 1. Site-specific five-year survival for patients with 
carcinoma. 
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Fig 2. Overall five-year survival for patients with car- 
cinoma. 
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Fig 3. Cell-specific survival for 202 patients uith meta- 
static sarcomas (1960 through 1977). 


when it would encompass all of the disease. 
Five of the 18 patients who had pneumonec- 
tomy are alive and well at 1, 242, 3, 12, and 10 
years after operation. One died of pr.eumonia 
on the thirteenth postoperative day. Another 


died of advanced age 4 years after operation, 
while the remaining 12 lived from 6 months to 6 
years before dying of the disease. 

Because of direct extension into vital struc- 
tures outside the lung or because of limited 
pulmonary reserve, the tumors in 20 patients 
were implanted with radioactive iodine seeds 
at the time of thoracotomy [8]. Thirty-nine pa- 
tients (8.7%) had exploration only because of 
too extensive involvement with tumor. This 
was done early in the study. Through use of 
the transaxial scanner and percutaneous aspi- 
ration needle biopsy in recent years, a thora- 
cotomy is now rarely needed for diagnostic 
purposes alone. 

Tre operative mortality was 1.6% (7/448 
patients) or 1% (7/663 thoracotomies). Five- 
year survival was determined by the actuarial 
method separately for carcinomas and sar- 
comas, and by specific site of origin (Figs 1, 2, 
3). 


Comment 

Operation as the sole treatment of metastatic 
disease limited to the lung is now advocated in 
those instances in which other treatment meth- 
ods fall far short of the proved efficacy of resec- 
tior. [13, 20, 25]. We have found that neither 
disease-free interval nor number of metastases 
per se determine survival [15, 17]. With the 
advent of improved chemotherapy in some 
specific primary sites (e.g., carcinoma of the 
breast, colon, and testis, and osteogenic sar- 
coraa), operative intervention assumes a new 
role. 

Testicular carcinomas are a unique group of 
tumors in many respects. The majority of the 
patients are young men in the prime of life. 
Prior to 1970, chemotherapy seemed to di- 
minish but not eradicate metastases. The pa- 
tieats lived longer but eventually died of the 
disease. During this period, a surgical approach 
wes used if the surgeon thought that the entire 
tumor could be removed while leaving suffi- 
cient functioning pulmonary tissue. 

The patients treated in the 1950s and 1960s 
were administered alkylating agents. The first 
of these was nitrogen mustard, the only 
krown antitumor drug at the time. Then 
triethylenemelamine and thiotepa became 
available [7]. Alkylating agents used alone were 
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effective for seminomas. In other germ cell 
tumors, combination chemotherapy was neces- 
sary before effective response could be ob- 
served. Since 1970, the combination of vinblas- 
tine, actinomycin D, and bleomycin has begun 
to show tumoricidal response. Refinement in 
the chemotherapy treatment protocol by vary- 
ing schedules and adding new agents has led 
to gratifying remissions and prolonged survival 
[27]. From'1966 to 1977, 434 patients treated at 
Memorial Hospital for metastatic testicular car- 
cinoma had pulmonary metastases. Only 40 
(9.2%) required surgical resection of the lung 
tumor. Of interest is the fact that whereas 25 of 
the resected lesions were fully malignant, 2 
were benign fibromas at the site of previous 
tumors and 13 were mature teratomas; but 
7 of these 13 contained microscopic areas of 
viable tumor. Other researchers report similar 
results [6, 13, 18, 19, 21, 23, 24, 26]. We now 
employ surgical resection for pulmonary me- 
tastases from tumors that are not seminomas 
in order to establish the history of solitary le- 
sions, to remove the last evidence of disease, to 
resect metastases unresponsive to chemother- 
apy, and to reclassify lesions that stabilize but 
do not disappear totally on chemotherapy [1]. 
Thoracotomy is timed to precede the last in- 
duction phase of the treatment cycle so that 
adjustments can be instituted depending on 
the degree of involvement of the resected lung 
lesions. 

In patients with osteogenic sarcoma, the new 
chemotherapy. protocol is accomplishing simi- 
lar results. Patients seen with diffuse bilateral 
pulmonary metastases are treated first with 
intensive chemotherapy. Thoracotomy is re- 
served for removal of residual disease not re- 
sponding to the medical treatment. In such a 
group of patients, 12 of 31 patients were alive at 
36 months after chemotherapy treatment [22]. 
Those patients seen with a solitary nodule or 
with a few nodules of similar size are candi- 
dates for initial thoracotomy followed by adju- 
vant but intensive chemotherapy. In such a 
group, 10 of 14 patients were alive at 2 years 
after combined treatment. The finding of "ma- 
ture bone" in some resected specimens has 
been reported [22]. The effectiveness of chemo- 
therapy on the specific tumor can also be as- 


sessed by study of the resected lesions, and 
when no effect is visible, treatment plans are 
altered accordingly. 

In the treatment of metastatic carcinoma of 
the colon, Kemeny and associates [11] reported 
encouraging results using a combination of 
Methyl-CCNU or 1-(2-chloroethyl)-3-(4- methyl- 
cyclohexyl)-1-nitrosourea, Oncovin (vincristine 
sulfate), 5-fluorouracil, and streptozotocin. 
In the 74 patients treated to date, there has 
been an overall complete and partial response 
rate in 3296 (24/74). Complete response is de- 
fined as total disappearance of all lesions 
sustained for at least 1 month, and partial re- 
sponse as shrinkage of all lesions by 5096 or 
more sustained for 1 month or longer. Median 
survival is 8 months and the longest period, 
more than 23 months. Thirty-four of the pa- 
tients in this group had pulmonary metastases 
alone; they have a 5096 complete and partial 
response rate. If later data confirm the present 
trend, operation may well have no role in meta- 
static carcinoma of the colon. 

Metastatic carcinoma of the breast has always 
merited special attention. A solitary lung lesion 
necessitates a meticulous search for other 
metastases. We have found that the lungs are 
very seldom the sole site of metastatic disease 
in these patients, and the response to chemo- 
therapy and hormonal manipulation is well 
documented [6a, 6b]. Surgical intervention, 
therefore, is indicated in those rare instances in 
which all known tumor can be removed in a 
patient refractory to other treatment modalities, 
or when a solitary lesion is diagnosed only after 
resection. Estrogen-binding studies on the re- 
sected tumor are an additional advantage 
gained by removal, but we do not consider ac- 
quisition of this information alone sufficient 
reason for thoracotomy. 

Doubling time of pulmonary metastases has 
been reported to be directly proportional to 
survival. Holmes and associates [9] stated that 
forty days is the critical time. Joseph and co- — 
workers [10] agreed with this critical tumor 
doubling time and emphasized that multiplic- 
ity or bilaterality of lesions did not seem as sig- 
nificant as the doubling time. Malaise and col- 
leagues [12] studied 203 patients who were not 
treated and found doubling time and survival 

i 
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time to be parallel. However, they raised several 
problems: the relation of doubling-time k:net- 
ics to tumor size and growth rate; the relction 
between doubling time and metastasizing ten- 
dencies; and the fact that doubling time 1s re- 
lated to the size of the tumor at first measure- 
ment. We think that if all metastatic diseas= can 
be resected surgically, especially since no other 
treatment modality has proved efficacy, our 196 
operative mortality makes it feasible to offer 
operation as an alternative even with a short 
tumor-doubling time. 

Surgical resection for metastases limited to 
the lung from a primary sarcoma or carcinoma 
arising elsewhere in the body has been proved 
to be efficacious. With the onset of improved 
chemotherapy, the initial reaction was to re- 
place operative intervention completely as a 
treatment modality. This was proved to be not 
feasible in many cases. We now believe that 
operation remains the primary methcd of 
treatment in most cases but assumes a new role 
in tumors responsive to new chemotherapeutic 
regimens. 
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Discussion 

DR. PAUL C. ADKINS (Washington, DC): It is a pleasure 
to discuss this very fine paper. I think the authors' 
aggressiveness in the management of this problem is 
quite appropriate, particularly today with improved 
multidrug chemotherapy and perhaps in the future 
with immunotherapy. I would like to make a few 
comments based on our experience with this prob- 
lem. 

Computerized axial tomography (CAT) scanning 
of the thorax has opened up a new dimension in the 
evaluation of patients with known or suspected pul- 
monary metastases. Whereas a standard chest roent- 
genogram can detect nodules 5 mm or greater in 
diameter, tomograms can indicate nodules 3 or 4 mm 
in diameter and the CAT scan, nodules 2 mm in 
diameter. However, although it is more sensitive, it 
is not more discriminatory. 

We saw a patient who had had a colon resection 
some 3 years previously, and on full lung tomograms 
approximately 3 nodules were picked up. The CAT 


scan picked up some lesions not seen on full lung - 


tomography. However, we have noticed that CAT 


scanning generally does pick up more lesions than . 


tomography, but some of these smaller lesions, 
perhaps 2096, are not metastatic. But I think if they 
are present on tomograms and CAT scans, they 
should be removed for diagnosis. If the lesions are 
bilateral, which is frequently the case, median ster- 
notomy represents an ideal approach for single-stage 
exploration of both lungs and local resection of the 
smaller lesions. However, it is perhaps not always 
the best approach. 

Another patient was a 19-year-old man who had 
had a leiomyosarcoma of the jaw removed when he 
was 14 years old. He was lost to follow-up. About a 
year ago, we saw him because of multiple lesions. 


There was no evidence of tumor elsewhere in the 
body, and we were a little afraid to use a median 
sternctomy, particularly because of a lesion in the left 
lower lung. We operated in stages. The large lesion 
in the right lung proved to be 9096 hematoma as- 
sociated with metastases. Some lesions were easily 
resected. The lesion on the left was removed at a 
second operation and proved to be a pedunculated 
lesion attached to the lingula. It probably could have 
been removed if we had used a median sternotomy. 

Dr. McCormack mentioned another situation. This 
conceras a patient with a history of malignancy else- 
where in the body who is seen with a solitary pul- 
monary lesion. The two may even be synchronous. 
There :s a tendency, particularly among oncologists, 
to automatically ascribe a metastatic origin to the 
pulmoaary lesion; this is not always correct. Our ex- 
perienze has been somewhat similar to that reported 
at Memorial Sloan-Kettering Cancer Center, in that if 
the original primary lesion is an epidermoid car- 
cinome, about three-quarters of the solitary le- 
sions seen in the lung are not metastatic and some of 
them may be benign. With adenocarcinoma, there is 
a 5096 chance that a solitary pulmonary lesion is a 
metastasis and a 50% chance that it will be either a 
new primary or a benign lesion. As Dr. McCormack 
mentioaed, with sarcomas, the overwhelming ma- 
jority are going to be metastatic lesions. 

We continue to use tumor doubling time as a 
guideline in patients with multiple lesions and be- 
lieve that we have the ability to select those patients 
with rapid doubling time, thirty days or less, who 
will not do well with operation alone. They can be 
followed for a few weeks, and I think we lose nothing 
by it. In this group with rapid doubling time, if ef- 
fective Zhemotherapy is available, it is possible to 
achieve a zero or even a negative doubling time and 
then resect the lesions as described by Dr. McCor- 
mack. 

Finally, there is the question of pulmonary metas- 


tases metastasizing. This can happen. A mass de- 


veloped in the superior segment of the left lower lobe 
of a patient who had had a colon resection for car- 
cinoma 344 years previously. At operation the lesion 
was found to be a metastatic colon carcinoma with 4 
of 7 nodes positive. ` 

I wouid like to ask Dr. McCormack and Dr. Martini 
if they have encountered regional node involvement 
from pulmonary metastases from any of their resec- 
tions and whether it has changed their plan of attack. 


DR. PAUL A. KIRSCHNER (New York, NY): I would like 
the authors to comment on a certain aspect of the 
biological behavior of pulmonary metastases that 
Dr. Jeffrey Freed and I have noted at the Mount Sinai 
Hospital Specifically, we have been impressed by 
the large proportion of metastatic epithelial tumors 
(carcinomas) that metastasize to regional lymph 


A 
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Experience with 42 Patients with Pulmonary Metastases 


No. of Positive 

Primary Site Patients Mediastinoscopy 
Colon 20 1/13 
Kidney 8 1/4 
Breast 4 0/3 
Skin (melanoma) 4 1/4 
Uterus 2 0/2 
Ovary P 0/1 
Larynx 2 sie 

Total 42 3/27 


nodes—hilar or mediastinal or both. Dr. Adkins 
briefly alluded to this phenomenon. 

The Table shows our experience with 42 patients 
with the usual array of tumors. Note that 48% (20 
patients) had so-called tertiary regional metastases. 
The geographic distribution of nodal spread follows 
the same pattern that occurs with primary lung 
tumors in similar locations in the lung. The pattern of 
nodal spread is not what would be expected with 
direct metastasis from the primary tumor. 

We have observed lymphatic channels in the lung 
draining the metastasis choked with tumor cells. 
This illustrates the mechanism of this regional terti- 
ary metastatic lymphatic spread. 

In view of these observations and because the dif- 
ferentiation between a solitary metastasis and anew 
primary lung tumor cannot often be made, we have 
employed mediastinoscopy rather liberally and, in 
general, have eliminated from thoracotomy patients 
with positive nodes. Sometimes, because of the 
unique biological behavior of certain tumors, nota- 
bly hypernephroma, we have performed pulmonary 
resection despite positive results of mediastinos- 
copy. | 

This phenomenon of tertiary metastasis has re- 
ceived scant attention in the literature with the nota- 


ble exceptions of Cahan [1] and Trinidad and col- 


leagues [2], although Willis [3] and other pathologists 
recognize its occurrence. ' 
I would appreciate the speaker's comments on this 


Total Patients 
with Lymph 


Nodes Positive 


Hiar Mediastir.al 


Node Involvement 

7 3 7 
4 2 4 
1 2 2 
3 ] 3 
1 1 2 
1 1 1 

1 0 ] 

18 10 20 (48%) 


pointin view of their vast experience, especially as it 
relates to resectability and survival in their patients. 
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DR. MC CORMACK: In answer to Dr. Adkins's ques- 
tion whereas with sarcomas it is rare to see regional 
node involvement, it is not uncommon with car- 
cincmas. Because of this, we attempt to assess the 
meciastinal involvemer.t in all of these patients and 
inclade mediastinal node dissection in solitary le- 
siors whenever feasib.e. We have found positive 
nodes in a small number of patients; the outcome 
was necessarily poor. 

Lr. Kirschner, when we see a patient with a 
known primary elsewhere in the body and a solitary 
lesion on the lung, if we suspect that it could be a 
primary lung cancer with mediastinal metastases, 
our policy is to do a lobectomy with mediastinal 
lymph node dissection. 


Intrapleural Instillation of Quinacrine 
for Treatment of Recurrent Spontaneous Pneumothorax 


Alberto J. Larrieu, M.D., G. Frank O. Tyers, M.D., Edward H. Williams, M.D., 
Martin J. O’Neill, M.D., and John R. Derrick, M.D. 


ABSTRACT We used intrapleural instillation of 
quinacrine hydrochloride in 20 patients (Group A) 
with recurrent spontaneous pneumothorax (one 
bilateral) and compared their clinical course with 19 
patients who underwent thoracotomy and scarifi- 
cation or pleurectomy (Group B) and 63 patients 
treated by tube thoracostomy alone (Group C). In 
Group A, there was one complication of treatment, a 
pneumothorax immediately following tube removal, 
which necessitated repeat tube thoracostomy, and 
there was one late ipsilateral recurrence 2 years after 
treatment. These 20 patients with 21 recurrent 
spontaneous pneumothoraces treated with intrapleu- 
rally administered quinacrine have been followed for 
from 6 months to more than 4 years with only one 
late recurrence on the treated side. Eight patients in 
- Group B had postoperative complications: 2 patients 
who had had pleurectomy required reoperation for 
postoperative bleeding; lobar pneumonia developed 
in 3; 1 had lack of total expansion of the lung; an 
intrathoracic hematoma developed in 1; and an ip- 
silateral pneumothorax necessitating tube thoracos- 
tomy developed in 1. In Group C, the rate of recur- 
rence of pneumothorax was 23% during the first year 
following treatment. 

Intrapleural instillation of quinacrine is a simple, 
low-risk, reliable, and effective treatment for recur- 
rent spontaneous pneumothorax, and is equally as 
effective as thoracotomy and scarification. 


Spontaneous pneumothorax is a clinical entity 
resulting from a sudden, nontraumatic rupture 
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of the lung. It occurs most often in young 
adults but also is seen in patients with chronic 
obstructive pulmonary disease. Its cause, 
therefore, can be idiopathic (the great majority) 
or seccndary to other pulmonary diseases such . 
as cystic fibrosis and tuberculosis. 

The most common complication of spontane- 
ous pneumothorax is recurrence [10]. The aim , 
of the treatment of recurrent spontaneous 
pneumothorax has been obliteration of the 
pleural space, and open thoracotomy with 
pleural scarification has been shown to be ef- 
fective 3, 8, 9]. However, this approach is asso- 
ciated with the hazards of general anesthesia 
and major operation, which may not be insig- 
nificant in high-risk patients. 

Although they are well accepted in the treat- 
ment oi malignant pleural effusions [4, 6, 12], 
chemicel irritants introduced through a chest 
tube have been used only in isolated instances 
to prodace pleural adhesions in patients with 
recurrert pneumothorax. We have used the 
intrapleural instillation of quinacrine hydro- 
chloride (Atabrine) for the treatment of spon- 
taneous recurrent pneumothorax in 20 pa- 
tients (21 pneumothoraces) and have compared 
their clinical course with 19 patients (19 
pneumo:horaces) who underwent thoracotomy 
and scarification (12 patients) or pleurectomy 
(7 patients) and with 63 patients (71 pneu- 
mothoraces) treated by tube thoracostomy 
alone. The results form the basis for this report 
and for the proposal that intrapleurally ad- 
ministered quinacrine be considered as a sim- 
ple, low-risk, effective treatment for recurrent 
spontaneous pneumothorax. 


Materiale and Methods 

A total cf 102 patients with 111 incidents of 
spontaneous pneumothorax treated from Jan- 
uary, 1971, to December, 1977, at the Univer- 
sity of Texas Medical Branch and the Milton 
S. Hershey Medical Center of the Pennsylvania 
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State University were reviewed for this szudy. 
Three treatment groups were compared. Croup 
A was comprised of the 20 patients treated with 
intrapleural instillation of quinacrine; Group B, 
the 19 patients who underwent thoracctomy 
and scarification or pleurectomy; and Group C, 
the 63 patients who received tube thoracos.tomy 
alone. 

Originally, 100-mg vials of sterile quinacrine 
hydrochloride powder were purchased from 
Winthrop Laboratories and diluted into 5C ml of 
sterile solution. However, because the paren- 
teral form of the drug was discontinued, we 
are currently manufacturing the solution in the 
pharmacy of the University of Texas Medical 
Branch. Quinacrine hydrochloride powder is 
obtained from the Sigma Chemical Company, 
and the injectant is prepared aseptically using a 
clean fill procedure as follows: Sterile 50-ml 
vials are placed under a laminar flow hood 
and stripped of their outer metal covers. The 
quinacrine powder is aseptically weighed 
under the laminar flow hood. The rubber dia- 
phragm is removed from each vial with sterile 
forceps and 100 mg of powder is added. The 
powder-containing vials are then placed under 
a glass bell through which sterile nitrogen gas is 
passed. This replaces the air, reducing the pos- 
sibility of aerobic bacterial growth. The rubber 
diaphragm is replaced on each vial, anew metal 
seal is crim ped over it, and the vials are labeled. 
Representative samples are taken for pyrogen 
and sterility testing according to the stendards 
of the US Pharmacopeia. The remainirg vials 
are given an arbitrary expiration date, a: which 
time the powder is checked to assure that the 
physical properties of the drug have remained 
intact. 

The procedure for the intrapleural inszillation 
of quinacrine is as follows: After the air .eak has 
stopped, 100 mg of quinacrine in 50 ml of either 
5% glucose or normal saline solution is injected 
by applying gentle pressure to a bulb syringe 
inserted into the unclamped chest tube. Care 
must be taken to maintain sterility and the air 
seal. The chest tube is then clamped for one 
hour during which time the patient's position 
is varied to ensure the spread of the solution. 
This process is repeated once daily for = total of 
four treatments; then the chest tube is removed. 


Once the powder is dissolved, it is stable in 
solution for approximately sixty hours, after 
whick it gradually deteriorates to acridone, 
which is insoluble and precipitates. 


ResuKs 
The age distribution of the patients is depicted 
in Table 1. Recurrent spontaneous pneumo- 
thorax affected those in the third decade 
most frequently. The mean age for each treat- 
ment group was almost identical: 37.7 + 18.2 
years in Group A, 37.5 + 20.0 years in 
Group B, and 35.5 + 18.2 years in Group C 
(mean + standard deviation). Male patients 
predominated in a 2:1 ratio. Distribution of 
pneumothoraces by side of collapse in the three 
groups is as follows: Group A had 14 (6796) on 
the right side and 7 (3396) on the left, with one 
instence of bilateral simultaneous collapse; 
Group B had 10 (5396) on the right and 9 (4796) 
on tae left; and Group C had 42 (5996) on the 
righ- and 29 (4196) on the left. The degree of 
collepse is noted in Table 2. If the collapse was 
less than 2096, it was classified as small; if 20 to 
50%, moderate; if greater than 50%, large. The 
majority fell in the 20 to 50% range. The mean 
hosvital stay was 10 days for Group A, 5 days 
afte: treatment started. Group B had a mean 
hosvital stay of 13 days, 9 days after treatment 
stared., Group C had a mean hospital stay of 7 
days. The relative effectiveness of the three 
treetment modes is illustrated in the Figure. 
Taere were no major complications in Group 
A a though 1 patient had a small late ipsilateral 


Tab:e 1. Age at Occurrence of Pneumothorax 


Treatment Groups 


Decade A B C Total 


First 0 0 0 0 
Second T 3 10 14 
Third 7 5 28 40 
Fourth 6 5 9 20 
Fifth 1 2 6 9 
Sich 1 0 7 8 
Seventh 4 2 6 12 
Eighth 1 2 4 7 
Ninth 0 0 1 1 

Total 21 19 71 111 
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Table 2. Size of Pneumothorax 


No 2 August 1979 


Treatment Groups 


A 


Small (« 2096) | 
Moderate (20-50%) 
Large (> 50%) 
Not specified 

Total 


3 (14%) 
11 (52%) 
7 (33%) 
0 
21 


B C Total 
2 (10.596) 12 (1796) 17 (1596) 
11 (5895) 28 (39%) 50 (45%) 
2 (10.596) 28 (39%) 37 (33%) 
4 (2196) 3 (496) 7 (696) 
19 71 111 


PERCENTAGE OF 
NONRECURRENCE OF PNEUMOTHORAX 
u 
e 


GROUP A -A 1 2 3 4 
GROUP B -a YEARS 
GROUP C -@ 


Actuarial analysis of the three treatment groups depict- 
ing the high percentage of nonrecurrence in Groups A 
and B versus Group C [7]. Using the chi-square analy- 
sis and Yates's correction, the differences between 
Group A and Group C and between Group B and Group 
C are significant (p < 0.05) at the end of the first year 
of follow-up. 


recurrence 2 years after treatment. He under- 
went a scarification and decortication proce- 
dure, which was probably not indicated and 
which was complicated by postoperative 
bleeding and reoperation. Six patients in Group 
A have been followed for more than 2 years, 2 of 
them for more than 4 years without any respi- 
ratory symptomatology or ipsilateral recur- 
rence. As if to document the continued pres- 
ence of the underlying disease, a contralateral 
pneumothorax developed in 2 of these 6 pa- 
tients 2 and 4 years after treatment of the 
opposite side. The remaining 13 patients in 
Group A have experienced no late recurrence 6 
months to 2 years after treatment. This includes 
the patient who was seen with simultane- 
ous bilateral pneumothoraces and who received 
bilateral instillation of quinacrine. One patient 


who had early collapse before drug-induced 
adhesions could be formed (1 day after treat- 
ment, a 30% pneumothorax developed) re- 
quired repeat tube thoracostomy. Nine months 
later, the patient had experienced no other 
sequelae. A patient on high-dose steroids for 
systemic lupus erythematosus received quina- 
crine instillation after intrapleurally adminis- 
tered tetracycline had failed. He was discharged 
from the hospital 7 days later and has had no 
recurrence after a year. 

In Group B, 8 patients had postoperative 
complications, and 1 had recurrence 9 months 
after operation. Following pleurectomy, 2 
patients required reoperation for bleeding. 
Pneumonia developed in 3 patients and neces- 
sitated antibiotics and a lengthened hospital 
stay. One patient had a prolonged air leak post- 
operatively and cannot achieve total expansion 
of the involved lung. In addition to pneumonia, 
1 patient also had an intrathoracic hematoma 
requiring thoracenteses, and 1 patient who had 
undergone pleurectomy had an ipsilateral re- 
currence after a week, necessitating reinsertion 
of the chest tube. In addition, arrhythmias, 
segmental atelectasis, and small pleural effu- 
sions were seen in 2 other patients. 

In Group C, 14 patients had 1 or more pneu- 
mothoraces on the ipsilateral side during 
the first year following treatment of the first 
pneumothorax. This rate of recurrence is 23%. 
Nine patients were followed for 2 to 3 years, 
with late recurrences in 3 (33%). There were 2 
hospital deaths in elderly patients in this 
group, 1 due to cerebral hypoxia secondary to 
the pneumothorax. In 5 patients, incomplete 
expansion of the pneumothorax required an- 
other tube thoracostomy. Two patients had 
prolonged air leaks, and lobar pneumonia de- 
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veloped in 2 additional patients. One patient 
sustained a myocardial infarction during hos- 
pitalization. 

The most frequently associated disease was 
chronic obstructive pulmonary disease. It in- 
volved 24 patients—5 in Group A, 4in Group B, 
and 15 in Group C. Infrequent associations 
were angiosarcoma of the scalp and lupus ery- 
thematosus in 1 patient each in Group A. In 
Group C, 3 patients had metastatic malignan- 
cies: 1 with adenocarcinoma of the lung and 2 
with tumors of the female genital tract. Ore pa- 
tient in Group C had Marfan's syndrome and 4 
female patients were taking oral contraceptives. 


Comment 
Quinacrine produces a serosal inflammatory 
reaction, which results in adhesion of the vis- 
ceral and parietal pleural surfaces [4—6, 3]. In 
1961, Gellhorn and co-workers [6] reported 
the usefulness of intrapleurally administered 
quinacrine for the management of intractable 
neoplastic effusions, and several reports have 
been supportive [4, 8, 12]. Boat and associates 
[3] were among the first to report the use of 
quinacrine in pneumothorax. Their 2 patients 
had cystic fibrosis. After 2 years, 1 patier:t had 
had no recurrence and the other had experi- 
enced only a "small pneumothorax" during 
which "the pleural surfaces over the apex re- 
mained in apposition” and no treatment was 
required. Kattwinkel and colleagues [8] dis- 
cussed the use of intrapleural instillation of 
quinacrine in a 29-year-old patient who had 
successive recurrent bilateral pneumothoraces 
secondary to cystic fibrosis. There was no re- 
currence 23 months after left and 11 months 
after right intrapleural instillation. The patient 
died of cystic fibrosis, and postmortem, both 
lungs were found to be closely bound <o the 
parietal pleura. Cattaneo [5], Stowe [11, and 
their co-workers also reported using intrapleu- 
rally administered quinacrine successfully in a 
total of 5 high-risk patients. Stowe and asso- 
ciates [11] noted that recurrence rates after the 
use of pleural sclerosing agents and after open 
scarification were similar. 

In this series, 21 instances of spontanecus re- 
current pneumothorax (Group A) were treated 
satisfactorily with intrapleural instillation of 


Table 3. Quinacrine Toxicity in 66 Patients 


High Dose Low Dose 
> 500 mg? < 500 mg? 
Symptom (39 Patients) (27 Patients) 
Fever 39 (100%) 19 (70%) 
Pain 16 ( 41%) 8 (30%) 
Nausea or 16 ( 41%) 0 
vomiting 
Hallucination 16 ( 4196) 0 
Hypotension 4 ( 1076) 0 


*Data from reference 4. 
"Data from present series and references 3, 5, and 8. 


quinacrine. Major operation was avoided, few 
side effects were encountered, hospital stay was 
short, and the recurrence rate has been minimal 
after follow-up of up to 4 years. These results 
compare favorably with the results obtained 
with thoracotomy, as evidenced by an equally 
low rate of recurrence (4.8% vs 5.2%). How- 
ever, an increased complication rate was asso- 
ciated with thoracotomy, primarily following. 
pleurectomy, which we no longer recommend 
[13], and in the subset of patients with chronic 
obstructive pulmonary disease. In Group A this 
involved 5 patients (25%) and in Group B, 4 
patients (21%). In Group A, the 5 patients 
(mean age, 65.8 + 5.7 years) treated with quina- 
crine had no recurrence of the pneumothorax 
and no major complication after up to 6 months 
of follow-up. Their stay in the hospital after 
treatment was significantly lower than in 
Group B (7.6 days vs 12 days). Two of the 4 
Group B patients (mean age, 70.0 + 9.8 years) 
with advanced chronic obstructive lung disease 
required wedge resection of blebs in addition 
to the scarification procedure. Lobar pneumo- 
nia developed in 2 of them, arrhythmias and 
acute respiratory distress in another. 

The signs and symptoms of quinacrine tox- 
icity are directly related to the amount of drug 


administered [4, 5]. The amount utilized in our 


series was relatively small (100 mg in 50 ml of 
sterile solution daily for 4 days) compared with 
that used for neoplastic effusions, and side ef- 
fects were generally mild (Table 3). Transient 
fever and pain were seen in 19 and 8 instances, 
respectively; however, this is well tolerated 
with mild analgesics. In some patients, a small 
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Table 4. Combined Results of the Use of 
Intrapleural Administration of Quinacrine 


Instances of 
Spontaneous 


Authors Pneumothorax Recurrence 
Boat et al [3] | 2 1 
Cattaneo et al [5] 2 0 
Kattwinkel 2 0 

et al [8] 
Stowe et al [11] 4 0 
Present series 21 1 

Total 31 2 (6%) 


pleural effusion developed but resolved within 
a few days. A potential hazard, already alluded 
to by Kattwinkel and colleagues [8], is the in- 
troduction of the chemical into a broncho- 
pleural fistula that might still be present, result- 
ing in a chemical bronchitis and pneumonitis. 
This potential complication has not yet been 
seen and can be avoided by waiting to start 
treatment until twenty-four hours after the chest 
tube has stopped bubbling. 

In addition to quinacrine, other pleural 
sclerosing agents have been used, including 
silver nitrate [2], talc [1], tetracycline [12], and 
nitrogen mustard [12]. We have used tetra- 
cycline in 4 patients, with recurrence of the 
pneumothorax in 3. One of these patients later 
underwent quinacrine treatment without recur- 
rence. Fifty percent glucose, which we used 
when quinacrine was withdrawn from the mar- 
ket, was similarly ineffective. 

Review of the literature and our experience 
show an effectiveness of more than 9096 with 
intrapleurally administered quinacrine in the 
treatment of recurrent spontaneous pneumo- 
thorax (Table 4). This compares favorably 
with the late results of surgical treatment. In 
1977, Luck and associates [9] suggested using 
a sclerosing agent during the initial pneu- 


mothorax in patients with cystic fibrosis. 
We now recommend intrapleural administra- 
tion of quinacrine as the initial treatment of 
choice in all patients with recurrent spontane- 
ous pneumothorax, not only those who consti- 
tute an increased operative risk. 
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Surgical Repair of Dissection 
of the Upper Descending Thoracic Aorta 
and Discrete Ascending Aortic Aneurysm 


Grant V. S. Parr, M.D., and Nicholas T. Kouchoukos, M.D. 


ABSTRACT This report describes successful staged 
surgical repair in 2 patients with dissection of the 
upper descending thoracic aorta (DeBakey type IID 
with coexisting discrete Marfan's aneurysms of the 
ascending aorta. Initial repair of the descending aor- 
tic dissection was done through a left thoracotomy 
using a transverse aorta—femoral artery shunt in 1 pa- 
tient and a left ventricular apex—femoral artery shunt 
without systemic heparinization in the other. Em- 
phasis is placed on the need for pharmacological re- 
duction of blood pressure during aortic cross- 
clamping as well as the use of a shunt tc prevent 
dissection of the ascending aortic aneurysm. 

In both patients, subsequent repair of the as- 
cending aortic aneurysm was accomplished using 
composite graft replacement of the aortic valve and 
ascending aorta. This operation is advised for such 
patients even in the absence of notable aortic valve 
incompetence. 


The decreased life expectancy of patients with 
Marfan's disease has been well documented 
[27]. Death is most commonly caused by aortic 
valve incompetence, aortic dissection, or aneu- 
rysmal rupture [1, 2, 5, 12, 13, 26, 27, 36]. When 
associated with Marfan's disease, aortic dissec- 
tion usually occurs at the site of an ascending 
aortic aneurysm [1, 2, 12, 13, 16, 29]. Surgical 
treatment using cardiopulmonary bypass is ad- 
vised for ascending aortic dissections (DeBakey 
type I or II; Anagnostopolous type A) or aneu- 
rysms 11, 2; 7, B, 14, 20, 22, 24, 28, 30, $1, 33, 35, 
37]. There is considerable controversy over the 
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use of pharmacological versus surgical treat- 
ment of dissections of the upper descending 
thoracic aorta (DeBakey type III, Anagnostopo- 
lous type B) [1-3, 7-9, 17, 18, 21, 25, 33-35, 37]. 

Two patients, each with a coexisting dissec- 
tion of the upper descending thoracic aorta and 
a Marfan's aneurysm of the ascending aorta, are 
described. Each presented a dilemma as to ap- 
propriate treatment. Pharmacological treatment 
may not be as effective for Marfan's disease as it 
is for dissections due to hypertensive disease 
alone. Primary repair of the distal dissection 
can give rise to dissection of the ascending aor- 
tic aneurysm during cross-clamping, and thus 
makes special precautions necessary. Con- 
versely, the presence of an acute distal dissec- 
tion makes primary repair of the ascending 
aneurysm hazardous because of the need for 
systemic heparinization. 

Treatment in these 2 patients was, in part, 
dictated by their clinical course; however, this 
brief experience permits a basis for future man- 
agement. Furthermore, the present commer- 
cially available shunts and composite grafts, as 
well as present operative and anesthetic tech- 
niques, make staged surgical therapy feasible. 


Patient 1 
A 37-year-old man with known Marfan's dis- 
ease was admitted to the University of Alabama 
Hospitals on September 16, 1974, two weeks 
after an episode of sharp, tearing back pain. A 
murmur of aortic incompetence was noted, and 
aortography showed an aneurysm of the as- 
cending aorta and a dissection of the upper de- 
scending thoracic aorta with a tear just distal to 
the origin of the left subclavian artery (Fig 1). 
Elective surgical repair of the descending 
aortic dissection was undertaken. A standard 
posterolateral left thoracotomy was made 
through the bed of the unresected fifth rib, and 
the left common femoral artery was isolated. A 
shunt was constructed of ¥% inch (9.5 mm) 
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Fig 1. (Patient 1.) Initial aortogram of the dissection of 
the upper descending thoracic aorta. The fusiform aneu- 
rysm of the ascending aorta is not well outlined in 

this view. 


Silastic tubing and two metal perfusion can- 
nulae [18]. After the intravenous administra- 
tion of 2,500 U of heparin, the shunt was in- 
serted through a pursestring suture in the 
transverse aortic arch and into the left common 
femoral artery. Trimethaphan camsylate (Ar- 
fonad) was administered to keep the systolic 
blood pressure between 120 and 130 mm Hg. 
The aorta was cross-clamped for 45 minutes 
between the left common carotid and left sub- 
clavian arteries as well as above the diaphragm. 
The systolic blood pressure rose transiently to 
150 mm Hg but was lowered with an increased 
infusion of trimethaphan. An 18 mm knitted 
Dacron tube graft was sutured into the aorta 
below the left subclavian artery with a running 
suture of 4-0 Prolene and a buttressing strip of 
Teflon felt. The distal anastomosis was com- 
pleted in a similar manner with Teflon felt and 
obliterated the false lumen. After removal of 
occluding clamps, the shunt was clamped and 
removed. The thoracotomy was closed and the 
femoral artery repaired in a standard fashion. 
After operation, the aortic diastolic murmur 
was noted to have increased in intensity. Aor- 
tography on the ninth postoperative day 
showed a localized (DeBakey type II) dissection 
of the ascending aorta and aortic incompetence 


Fig 2. (Patient 1.) Aortogram made nine days after re- 
pair of the descending aortic dissection. Note the 
localized dissection in the ascending aorta. Although 
aortic regurgitation is present, the left ventricle is not 
visualized here. 


(Fig 2). Because the patient was clinically satis- 
factory, he was discharged fourteen days after 
operation. 

The patient was readmitted 12 weeks later. 
Resection of the ascending aorta and aortic 
valve replacement was performed on January 
24, 1975, through a median sternotomy incision 
with cannulation of the right common femoral 
artery, as previously described [20]. Car- 
diopulmonary bypass, at 30°C, was established 
for 105 minutes, and a vent was advanced into 
the left ventricle through a pursestring suture in 
the right superior pulmonary vein. The aorta 
was cross-clamped, a longitudinal aortotomy 
was made, and coronary perfusion was estab- 
lished. Sinus rhythm was maintained. The aor- 
tic leaflets were excised and a composite graft, 
which had been constructed earlier of a No. 11A 
Starr-Edwards model 1260 prosthesis and a 30 
mm woven Dacron tube, was utilized. The aor- 
tic annulus was anastomosed to the prosthesis 
using 2-0 Ticron in a double-armed fashion, 
with pledgets of Teflon on the aortic side. But- 
tons of the Dacron graft were excised for the 
right and left coronary ostia and the coronary 
perfusion cannulae were replaced from within 
the graft. An anastomosis was constructed be- 
tween each coronary ostium and the graft using 
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Fig 3. (Patient 1.) Aortogram made after composite graft 
replacement of the aortic valve and the ascending aorta. 
Note the patent left coronary ostium. The right coro- 
nary ostium, not well seen here, ts also patent. 


continuous suture of 5-0 Prolene. The distal 
anastomosis was made to the aorta using a run- 
ning suture of 4-0 Prolene. Then the coronary 
perfusion cannulae were removed, and air was 
evacuated just before completion of this anas- 
tomosis. The aneurysm then was closed over 
the graft and cardiopulmonary bypass was dis- 
continued. 

Subsequent aortography (Fig 3) revealed the 
intact repair, although a double lumen was pres- 
ent distal to the Dacron graft in the descending 
aorta. The patient remains well 4 years after his 
second operation. 


Patient 2 

A 22-year-old man with the clinical stigmata of 
Marfan's disease had severe, tearing back pain 
in November, 1977. He was seen in an 
emergency ward and found to be hypertensive, 
but he was released. He did well until Feb- 
ruary 12, 1978, when he again had severe back 
pain. Chest roentgenograms at another hospital 
showed a widened mediastinum, and the clini- 





Fig 4. (Patient 2.) Initial aortogram. The black dots out- 
line the aneurysm of the ascending aorta. The aortic 
arch appears normal, with a large dissection of the 
upper descending thoracic aorta. 


cal diagnosis of an aortic dissection was made. 
He was transferred to the Milton S. Hershey 
Medical Center. On examination, he was 
hypertensive, with a blood pressure of 180/120 
mm Hg in both arms. Carotid, femoral, and 
distal arterial pulses were intact. There were no 
cardiac murmurs. Emergency aortography 
showed a dissection of the upper descending 
thoracic aorta and an ascending aortic aneu- 
rysm of the Marfan’s type (Fig 4). A right 
radial artery cannula was placed, and anti- 
hypertensive therapy was instituted with pro- 
pranolol, reserpine, and nitroprusside. In spite 
of good control of blood pressure, a chest roent- 
genogram made 36 hours later showed addi- 
tional widening of the upper descending 
thoracic aorta and subpleural thickening con- 
sistent with a leaking dissection [10]. 
Emergency operation was undertaken. A 
triple-lumen Swan-Ganz catheter was placed 
before general orotracheal anesthesia was in- 
duced. A standard left posterolateral thora- 
cotomy was made through the bed of the 
nonresected fifth rib, and the left common 
femoral artery was exposed. Because of the 
large mediastinal hematoma, the transverse 
aortic arch was not cannulated. Rather, a com- 
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mercially available 9 mm Gott shunt was placed 
through pursestring sutures into the left ven- 
tricular apex and the left femoral artery. The 
aorta was cross-clamped between the left com- 
mon carotid and left subclavian arteries, as well 
as just above the diaphragm, for 50 minutes. 
Prior to cross-clamping, infusion of sodium ni- 
troprusside was increased to lower systolic 
blood pressure to 80 mm Hg. When the aorta 
was cross-clamped, the systolic pressure rose to 
100 mm Hg and was maintained at that level. A 
26 mm low-porosity woven Dacron tube graft, 
about 14 cm long, was sutured in place just 
below the left subclavian artery end-to-end, 
using a running suture of 3-0 Prolene. The dis- 
tal anastomosis was constructed in the middle 
of the descending thoracic aorta, thereby clos- 
ing the false lumen between the graft and a 
Teflon felt strip. Postoperatively, an episode of 
hypotension and a high central venous pres- 
sure, equal to pulmonary capillary wedge pres- 
sure, prompted a reexploration for possible 
pericardial tamponade; however, none was 
found. A superficial wound infection delayed 
discharge until 4 weeks after operation, but 
convalescence was otherwise uneventful. 

The patient was readmitted six months later. 
No cardiac murmurs were heard. A repeat aor- 
togram (Fig 5) showed excellent repair of the 
dissection without stenosis or distal dissection, 
although the graft was minimally redundant. 
The ascending aorta had a large aneurysm, but 
no aortic valve incompetence. Nevertheless, we 
elected to replace the aortic valve as well as the 
ascending aorta because of the known inci- 
dence of subsequent aneurysms of the sinuses 
of Valsalva and aortic valve incompetence in 
patients with Marfan’s syndrome in whom only 
a supracoronary repair is done [20, 24, 32]. 

On August 2, 1978, an operation was per- 
formed through a median sternotomy with 
retrograde aortic perfusion through the right 
common femoral artery. Cardiopulmonary by- 
pass was established for 117 minutes. A vent 
was advanced into the left ventricle through a 
pursestring suture in the left atrium at the con- 
fluence of the right pulmonary veins. The heart 
was profoundly cooled by the perfusate, and 
when the ventricle fibrillated, the aorta was 
immediately cross-clamped. Initially, we at- 





Fig 5. (Patient 2.) Aortogram made after repair of the 
dissection of the upper descending thoracic aorta. An 
aneurysm, typical of Marfan's disease, is seen in the as- 
cending aorta. Aortic valve incompetence is not iden- 
tified. Some redundancy is present in the Dacron graft. 


tempted to administer cold potassium cardio- 
plegic solution [23] through a pursestring suture 
in the ascending aorta, but because of aortic 
incompetence then evident, this was not possi- 
ble. A longitudinal aortotomy was made, and 
1,300 ml of 5°C cardioplegic solution was in- 
fused by cannulation of the left and right coro- 
nary ostia until the temperature of the ven- 
tricular septum reached 10°C. External cardiac 
cooling was also employed by irrigating the 
pericardial sac with 5°C lactated Ringer’s solu- 
tion. 

The aortic leaflets were excised. Subsequent 
pathological examination showed myxoid de- 
generation of the aortic valve and a paucity of 
elastic fibers. The aortic aneurysm had almost 
no elastic fibers. A commercially prepared 
composite graft, consisting of a 25 mm Bjórk- 
Shiley valve in a 28 mm woven Dacron prosthe- 
sis, was chosen and preclotted with 50 ml of 
heparinized blood from the venous return line 
plus three vials of topical thrombin [20]. The 
valve was sutured in place using double-armed 
sutures of 2-0 Ethibond with pledgets of Teflon 
felt. When the myocardial temperature reached 
17°C, 800 ml of additional cardioplegic solution 
was reinfused to again bring myocardial tem- 
perature to 10°C. Buttons of the Dacron graft 
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were excised and anastomoses were made be- 
tween the coronary ostia and the graft using 
running sutures of 4-0 Prolene, as previcusly 
described [20]. The distal anastomosis was zhen 
made using a running suture of 3-0 Prolene Air 
was evacuated from the graft and the left ventri- 
cle as the heart was defibrillated. After re- 
warming, cardiopulmonary bypass was dis- 
continued. However, an episode of elevated left 
atrial pressure and hypotension indicated com- 
pression of the graft [19] due to blood leaking 
between external aorta and graft. Cardiopul- 
monary bypass was reestablished, hemostasis 
was obtained, and the graft again was wrapped 
by the aneurysm. The patient’s postoperative 
course was unremarkable, and he was dis- 
charged on the eighth postoperative day. He 
remains well. 


Comment 

We have reviewed numerous large series of pa- 
tients with thoracic aortic aneurysms and dis- 
sections [1-8, 12—17, 20, 24-31, 35-37] anc have 
failed to identify any patients similar to those 
discussed here. Our experience with these pa- 
tients provides a reasonable plan for manage- 
ment. 

After the diagnosis is confirmed by aortog- 
raphy [5], initial treatment of hypertension, as 
recommended by Wheat and co-workers [35- 
37], is appropriate. However, in Marfan's dis- 
ease, there is a tendency toward enlargerrent of 
the ascending aortic aneurysm [26, 27]. Aortic 
valve incompetence, aortic dissection, or aortic 
rupture decrease life expectancy [27]. Further- 
more, as in Patient 2, antihypertensive therapy 
alone can prove to be inadequate, especially in 
patients with Marfan’s disease. Therefore, it 
would appear that definitive therapy imvolves 
surgical intervention. We recommend that sur- 
gical intervention be undertaken at the carliest 
possible time that a complete cardiovascular 
surgical team, including surgeon, cardicvascu- 
lar anesthesiologist, scrub nurse, and per- 
fusionist, can be assembled. Careful nemo- 
dynamic monitoring, including right radial 
artery and pulmonary artery catheters, is man- 
datory. The use of a shunt obviates th» need 
for systemic heparinization [9, 21, 34]. Cennula- 
tion of the transverse aorta is preferabl2, as it 


avoids later pericardial adhesions, but may be 
impossible when the mediastinal hematoma is 
large. Left ventricular apex-femoral artery 
shunting appears adequate in preventing renal 
failure and spinal cord injury. Furthermore, the 
use of a shunt decreases pressure in the prox- 
imal aorta. Additional pharmacological reduc- 
tion cf blood pressure during aortic cross- 
clamp:ng may be necessary to avoid proximal 
disseczion, as might have occurred in Patient 1. 
Control of systolic blood pressure to the range 
of 100 mm Hg, in combination with a shunt, 
may Lave prevented a proximal dissection in 
Patiert 2. Partial femoral bypass is not recom- 
mended because of the need for heparinization 
and subsequent difficulties with bleeding. 

We agree with Mayer and colleagues [24] that 
aortic valve replacement is indicated in patients 
with IAarfan's disease and aneurysms of the as- 
cending aorta, even in the absence of marked 
aortic valve incompetence. As reported by 
symbas and colleagues [32] and as experienced 
by one of us (N. T. K.) [20], supracoronary re- 
pair elone can be followed by development of 
massive aneurysms of the sinuses of Valsalva. 
Composite graft replacement of the aortic valve 
and tne ascending aorta has proved acceptable 
in numerous series [6, 11, 15, 24, 28, 30, 35]. 
Althcugh a ball valve was used in the compo- 
site graft in Patient 1, the now commercially 
available combination of a tilting-disc valve in a 
Dacron tube graft appears ideal, and we prefer 
to us2 it in patients with Marfan's disease and 
aneu-ysms of the ascending aorta. 
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Discussion 

DR. LEIGH I. G. IVERSON (Oakland, CA): I also believe 
shunting to the aorta distal to the cross-clamp is an 
excellent :dea. At my institution, we favor femoral- 
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femoral bypass utilizing the heparin-bonded tubing 
and a roller pump. The venous cannula is placed in 
the region of the right atrium. Because this allows us 
to control preload to the heart, pharmacological con- 
trol of hypertension in the brachiocephalic vessels 
usually is not necessary. Patients are ventilated with 
100% oxygen, which maintains adequate oxygen 
levels in the periphery. Serial enzymes have been 
measured in several patients. We have not been able 
to detect any notable problems from perfusing with 
mixed venous blood. | 

Using this technique, we have operated on 25 pa- 
tients. Of these patients, 92% survived. The 2 deaths 
were unrelated to the shunting technique. 

There are many advantages to both the technique 
described by Dr. Parr and our method. Hypoxia and 
tissue ischemia with their attendant spinal cord and 
visceral organ dysfunctions are avoided. Without 
systemic heparinization, bleeding is kept to a 
minimum. The shunt allows the operation to be con- 
ducted' without racing against the clock and con- 
sequently with greater accuracy. | 

I would like to ask the authors if they find the 
presence of the tubing in the operative field to be 
cumbersome, and if some of their problems are re- 
lated, perhaps, to the cannulation of the transverse 
arch as well as the heart. I also wonder if they plan to 
use the shunting technique, in future, for procedures 
on the descending aorta. 


DR. HOVALD K. HELSETH (Minneapolis, MN): I enjoyed 
Dr. Parr's presentation of a very difficult problem 
partly because at the University of Alabama Hospi- 
tals there has been very consistent support of a com- 
plete resection of the aortic root and the use of a 
composite graft. 

We have seen 1 similar patient, a 40-year-old man 
with Marfan's syndrome. Initially he was seen be- 
cause of congestive heart failure. He also had a total 
descending dissection, which was estimated to be 
about eighteen months old. We elected to do the 
composite graft first. In three months we operated on 
the descending aorta, with left heart bypass. The pa- 
tient has done well. Ende 

We have had occasion to use the composite graft in 


35 patients during the past 7 years. There are 34. 


long-term survivors, including 10 with acute as- 
cendirg aortic dissections. 

If a surgeon is inclined to use the composite graft 
technique, the graft can be made up quickly in the 
operat.ng room. However, I think, based on our ex- 
perienze with the most recent 5 patients seen, that 
time and blood loss can be saved if the manufactured 
compcsite graft, which has'a soft sewing ring, is 
used. -t puts the valve in a subannular position, and 
puts the coronary ostia somewhat more adjacent to 
the tude. l 

Because I think this is going to be more of a prob- 
lem ir the future, I would like to ask Dr. Parr what 
his department would do with a true Marfan patient 
10- to 15-years-old, who has mild dilatation of the 
ascending aorta and probably some very mild aortic 
incompetence, and whose father died at the age of 28 
years of an acute dissected ascending aorta. 


DR. PRR: I would like to thank the discussants for 
their comments. Dr. Iverson, indeed the transverse 
aortic arch can be difficult if there is massive 
mediastinal hematoma, as in.the second patient, and 
I find the left ventricular apex—femoral artery shunt 
to be totally satisfactory and not at all in the way. I 
appreciate your comments on using a roller pump, 
and I think this is an excellent idea. I would like to 
note, however, that data now available suggest that 
using a shunt from the ascending aorta provides 
greater afterload reduction, both in lowering of arte- 
ral pressure and left atrial or pulmonary capillary 
wedge pressure. | 

As to the second question, what I would do with a 
15-year-oid child, Dr. Helseth, I would put him on a 
regimen of negative inotropic, antihypertensive 
agerrs and follow the aortic root very closely with 
echocardiograms, perhaps as often as every four 
months. If the aneurysm was small, I think I might 
defer operation until a full-sized valve could be 
placed using the technique we have shown. 

A normal aorta has elastin throughout the media. 
In petients with Marfan's syndrome, however, there 
is absolutely no elastin in the aorta, and L think that a 
surgeon has to be ready to replace the aorta in these 
patients at an early time. The aortic valve itself has no 
elast.n in these patients, and thus should also be re- 
placed. 


Clinical Experience 


with the Lillehei-Kaster Valve Prosthesis 


Hans H. J. Zwart, M.D., George Hicks, M.D., Benjamin Schuster, M.D., 
Milton Nathan, M.D., Farouk Tabrah, M.D., Frank Wenzke, M.D., 
Tajuddin Ahmed, M.D., and Richard A. DeWall, M.D. 


ABSTRACT The Lillehei-Kaster valve was used in 
215 patients over a 7-year period. The aortic valve 
was replaced in 81 of them. Hospital mortality was 
21% (17 patients). Ten patients were lost to 
follow-up and long-term mortality was 5% (3 
patients). The incidence of thromboembolism 
was 2.6 per 100 patient-years, and actuarial sur- 
vival was 96% at 5 and 87% at 7 years. Mitral 
valve replacement was performed in 108 patients. 
Hospital mortality was 20% (22 patients), 24 patients 
were lost to follow-up, and long-term mortality was 
13% (11 patients). The combined incidence of throm- 
boembolism was 5.0 per 100 patient-years, and 
actuarial survival was 81% at 5 years and 75% at 7 
years. In both groups, the majority of patients im- 
proved clinically. Fifteen patients had double-valve 
replacement, and 11 had coronary revascularization 
in addition to valve replacement. 


om 


During a 7-year period, the Lillehei-Kaster 
prosthesis was used exclusively for valve re- 
placement at the Kettering Medical Center. The 
Lillehei-Kaster valve is a tilting-disc type of 
valve. The disc is fabricated of pyrolytic car- 
bon.* The housing is a one-piece titanium ring. 
The outer part is covered with a knitted 
Teflon sewing ring, and the inner part is ex- 
posed. The housing carries two horns to control 
excursion of the disc. In the closed position, 
the disc is inclined at an 18-degree angle with 
the horizontal; it opens to 80 degrees. No hous- 
ing components protrude into the orifice. Four- 
fifths of the flow occurs through the major 
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opening of the valve. The disc rotates freely 
withir. the housing. Accelerated fatigue testing 
shows no evidence of breakdown over the 
equivalent of 18 years of clinical use [2]. To our 
knowledge mechanical failure has not been re- 
ported on this valve. The recent development of 
severa: new valve types prompted us to evalu- 
ate our experience, in order to provide a basis 
for the selection of a valve prosthesis for future 
patients. 


Material and Methods 

An unselected series of 215 patients underwent 
valve replacement with the Lillehei-Kaster 
valve between January, 1971, and January, 
1978. Before replacement, all patients had right 
and left heart catheterization and, during the 
last 3 years of the review, coronary angiography 
as well. Indications for replacement were based 
on the New York Heart Association (NYHA) 
Functional Class, the severity of valve regurgi- 
tation, stenosis, or both conditions, and the 
presence of coronary obstructive disease. The 
patients were divided into four groups. 

GROUP 1. Eighty-one patients required aor- 
tic valve replacement. There were 55 male and 
26 female patients ranging from 15 to 78 years 
old (mean, 54 years). Thirteen patients were 
considered to be in NYHA Functional Class II, 
33 in Class III, and 20 in Class IV. Fifteen pa- 
tients were not classified because of insufficient 
data from the charts. Twenty-three patients 
had insufficiency of the valve predominantly, 
37 had stenosis, and 21 had a mixed lesion. Two 
patients had had a stroke before operation; 1 
remained half paralyzed. One patient under- 
went emergency operation after he had lost the 
disc of 2 Beall prosthesis. 

GROUF 2. There were 108 patients, 37 male 
and 71 female patients, who had mitral valve 
replacement. They ranged from 6 to 76 years old 
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(mean, 52 years). Sixteen patients were in 
NYHA Class II, 49 in Class III, and 33 in Class 
IV. In 10 patients data from the charts were in- 
sufficient for classification. Thirty-five patients 
had valve incompetence predominantly, 40 had 
stenosis, and 33 had a mixed lesion. One pa- 
tient had undergone a mitral commissurotomy 
10 years earlier. In 1 patient an infected Bjórk- 
Shiley prosthesis had to be replaced, while in 
another patient a Starr-Edwards valve was 
thrombosed. One patient had subacute bacte- 
rial endocarditis. Three patients had suffered 
an extensive myocardial infarction before oper- 
ation. One patient had pulmonary emphysema 
that was far advanced. 

GROUP 3. Fifteen patients, 4 men and 11 
women ranging from 22 to 64 years old (mean, 
42 years), received double-valve replacement. 
Five patients were in NYHA Functional Class 
II, 5 were in Class III, and 4 in Class IV. 

GROUP 4. Six patients had aortic valve re- 
placement with revascularization, and 5 had 
mitral valve replacement with revasculariza- 
tion. The heart was approached through a 
midsternal incision. Blood was drained with 
one or two caval cannulas and was returned to 
the ascending aorta. Cardiopulmonary bypass 
was carried out at a body temperature of 30°C 
and with a nonblood prime and a bubble 
oxygenator. Separate myocardial protection 
was provided only during aortic valve revlace- 
ment with selective coronary perfusion using 
blood from the bypass circuit. During mitral 
valve replacement, the aorta was clamped as 
necessary for periods of up to twenty minutes. 
The prosthesis was sized to fit easily in the an- 
nulus of the excised host valve. Even in patients 
with an enlarged annulus and left ventricle we 
consider it important not to use the largest 
prosthesis possible because ventricular size is 
expected to decrease after operation and this 
can lead to impairment of valve function.. Care 


was taken to remove all tissue fragments pro-: 


truding into the annulus. The prosthesis was 
fastened with interrupted mattress or figure- 
of-eight sutures and occasionally with several 
continuous sutures. Pledgets were not used in- 
side the atrium or aorta. The larger opening of 
the valve was oriented towards the left coronary 
ostium. 


Postoperatively, patients in all groups were 
followed by the referring physicians or car- 
diologists. All were given Coumadin (crystal- 
line warfarin sodium) to keep the prothrombin 
time between 15 and 25 seconds. For the pur- 
pose of this study inquiries were made to 
physicians or patients by telephone. 


Results 
Group 1 


The prosthesis sizes most commonly implanted 
were 18 (26 patients), 20 (24 patients), and 22 (19 
patients). A size 14 prosthesis was used in 2 
patients, a size 16 in 7 patients, and a size 25 in 
3. Care had to be taken not to loop the suture for 
the aortotomy closure around the horns of the 
prosthesis. In 1 patient the disc was caught in 
the open position by a calcium deposit below 
the annulus, but removal of the calcium cor- 
rected the problem. This incident emphasizes 
the importance of ensuring proper functioning 
of the valve before closure of the aorta. Ten pa- 
tients (12%) died in the operating room, all of 
left ventricular failure. Postmortem examina- 
tion was performed on 5 patients; subendocar- 
dial hemorrhage was found in 1. 

Three patients had a myocardial infarction by 
electrocardiographic criteria in the postopera- 
tive period; 1 patient died because of it. Six 
patients had neurological complications; 1 re- 
mained in a coma after the replacement proce- 
dure and died later, and 2 had hemiparesis, 
which resolved in 1. The other patients had 
minor disabilities, and all recovered completely 
before discharge from the hospital. Anuria de- 
veloped in 4 patients, all of whom required he- 
modialysis. One patient died, and the other 3 
recovered. Severe pulmonary failure with pro- 
longed respirator-dependency occurred in 6 
patients; all recovered. Excessive postoperative 
bleeding ‘necessitated reexploration in 6 pa- 


‘tients; a clear source for the bleeding was found 


in 2. Seven patients (9%) died during the post- 
operative hospital course. Postmortem exam- 
ination, performed on 4, revealed thrombosis of 
the valve in 1 patient, who died two days after 
operation. He had not received anticoagulants 
because of excessive bleeding. One patient had 
an extensive myocardial infarction and 1, isch- 
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emic necrosis of the brain. Subendocardial 
hemorrhage was found in 3 patients. 


Group 2 

The prosthesis sizes most commonly implanted 
were 18 (34 patients), 20 (42 patients), and 22 (23 
patients). A size 16 prosthesis was used in 5 
patients and a size 25 in 4. Although meticulous 
attention was taken not to loop sutures around 
the horns during insertion of the valve into the 
annulus, this occurred in 2 patients and neces- 
sitated removal of those sutures. Also, small 
stumps on the annulus end of cut chordae ten- 
dineae caused valve malfunction in 3 patients. 
Further trimming of the chordae solved the 
problem. Clearly, it is of great importance to 
check valve function before the atrium is 


closed. Large amounts of old and fresh clot 


were encountered in 4 patients; in 1, both right 
pulmonary veins were completely occluded. 
Eight patients (7%) died in the operating room. 
Extensive myocardial infarction occurred in 1 
patient during operation, and in 2 other pa- 
tients the posterior wall of the left ventricle 
ruptured just below the atrioventricular groove. 
The other 5 patients had intractable left ven- 
tricular failure. 

Three patients had electrocardiographic evi- 
dence of myocardial infarction in the post- 
operative period; 1 of them died. Neurological 
complications occurred in 8 patients. One was 
in a coma and died subsequently; 1 had 
hemiparesis and recovered; and the other 6 had 
minor neurological problems. Two patients be- 
came anuric following operation, and 1 needed 
hemodialysis. Mild renal failure developed in 6 
patients. Prolonged respiratory assistance was 
necessary in 10 patients, but all recovered 


completely. Ten patients were reoperated on. 


because of excessive bleeding; in 4 of them a 
definite bleeding site was found. Pericardial 
tamponade developed in 1 patient who died be- 
fore it could be relieved. Fourteen patients 
(13%) died during the postoperative course, and 
postmortem examination was performed on 9. 
In 3 a thrombus was found in the valve mecha- 
nism, acute myocardial infarction was present 
in 1, and a fresh embolus was encountered in 
the right common carotid artery in 1. In 4 pa- 
tients, no apparent cause of death was estab- 
lished. 


Group 3 

Two patients died of left ventricular failure in 
the operating room. One patient had suben- 
docardial necrosis. Mild renal failure was en- 
countered in 3 patients, and all recovered. 
Three patients died during the postoperative 
hospital course, and no postmortem examina- 
tions were done. 


Group 4 

Of the 6 patients who had aortic valve replace- 
ment with myocardial revascularization, 2 died 
shortly after operation, 1 of intractable left ven- 
tricular failure and 1 of hemorrhage. Two other 
patients died during the postoperative hospital 
course; in both, postmortem examination re- 
vealed extensive subendocardial hemorrhage. 
One of the 5 patients who had mitral valve re- 
placement with myocardial revascularization 
died, in the operating room, of left ventricular 
failure. Two other patients died during the 
postoperative hospital course, 1 of myocardial 
infarction and 1 of left ventricular failure. 


Follow-up 

Group 1 

Sixty-four of the 81 patients (79%) left the hos- 
pital alive. Ten of them (16%) were lost to 
follow-up. The majority of the patients (39) 
were in NYHA Functional Class II after valve 
replacement but a. significant number were in 
Class III (14). No patients were in Class I or IV. 
One patient was not classified because of lack of 
data. Thrombosis of the valve was not encoun- 
tered. Emboli occurred once in 3 patients. In 1 
femoral embolectomy was necessary, but in the 
other 2 the accident was minor and needed no 
special treatment. Four patients experienced 
minor bleeding once, which was related to the 
use of Coumadin. One patient complained of 
the noise caused by the valve. 

Three patients died during the follow-up pe- 
riod. Postmortem examination, performed on 1, 
revealed the cause of death to be an acute myo- 
cardial irifarction. The valve was clean. The 54 
patients who survived operation were followed 
for more than 1,836 months. Valve thrombosis 
was encountered once, and emboli occurred 
three times. Thus the incidence of thrombosis 
was 0.7 per 100 patient-years of follow-up and 
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for emboli, 2.1. Actuarial survival was 96% at 5 
years and 87% at 7 years (Figure). 


Group 2 
Eighty-six of the 108 patients (80%) left the 
hospital alive, of whom 24 (28%) were lost to 
follow-up. The majority (40) of the known 
long-term survivors were in NYHA Functional 
Class II, 10 were in Class III, and 1 remained in 
Class IV. Eleven patients could not be classified 
due to lack of data. In 4 patients, the valve was 
thrombosed. Three died and 1 survived re- 
moval of the thrombus. All 4 patients had re- 
ceived anticoagulants but in 1 Coumadin had 
been discontinued for two weeks to enable 
hemorrhoidectomy 3 months before the valve 
thrombosis. Emboli óccurred six times, in 4 pa- 
tients once and in 1 patient twice. Two patients 
sustained a cerebrovascular accident from these 
emboli; in the other 3. the accidents were minor. 
Bleeding that was believed to be caused by 
Coumadin occurred in 7 patients. Of 2 requir- 
ing hospitalization, 1 sustained a cerebrovas- 
cular accident. The other 5 patients did not 
need special treatment. One patient had a 
minor perivalvular leak. One patient had en- 
docarditis after a dental operation but was 
treated successfully with antibiotics. One pa- 
tient complained of noise from the valve. 
Eleven patients died during the follow-up pe- 
riod.’ Postmortem examination was performed 
on 7 of them, and causes of death were valve 
thrombosis in 3, brain hemorrhage in 1, bowel 
obstruction in 1, pulmonary carcinoma in 1, 
and possible pericardial tamponade in 1. 


Sixty-two patients survived operation and were 
followed for 2,460 months. During this period 
valve thrombosis occurred 4 times and emboli, 
6 times. Thus the incidence of valve thrombosis 
was 2.0 per 100 patient-years of follow-up and 
for emboli it was 3.0. Actuarial survival was 
81% at 5 years and 75% at 7 years (see Figure). 


Group 3 

Of the 10 patients who left the hospital alive, 6 
were well at the time of writing, 2 were lost to 
follow-up, and 2 died. Postmortem examina- 
tion revealed a thrombosed mitral valve in 1 
and end-stage bronchogenic carcinoma in the 
othe-; the valves were intact in both patients. 


Group 4 

Of the 2 patients undergoing aortic valve re- 
placement and myocardial revascularization 
whc left the hospital alive, 1 was well at the 
time of writing and the other died of thrombo- 
sis cf the valve. Of the 2 patients who had mi- 
tral valve replacement and revascularization 
and who were followed-up, 1 was well and the 
other died of unknown causes. 


Coriment 

The choice of a valve prosthesis should be 
bas2d on several factors: mechanical reliability, 
gradient (or effective orifice in vivo), tendency 
to cause thrombosis or emboli, ease of inser- 
tior, blood damage, noise, and cost. The data 
obtained in this study together with experi- 
ences published by others will be used to 
analyze the performance of the Lillehei-Kaster 
valve. 

Mechanically, the Lillehei-Kaster valve is 
very reliable. To our knowledge, breakdown 
has not been reported. Accelerated in vitro 
tes-ing has not led to valve failure for periods of 
up to 18 years' equivalent clinical use [2]. The 
Bjérk-Shiley valve broke down after a period 
equivalent to 20 years. The tissue valves 
showed early failure, but it should be realized 
thet these valves might perform better in vivo 
wLere host tissue ingrowth may offer protec- : 
tion [8]. In clinical use, the tissue valves have 
be2n surprisingly reliable with a 0.196 inci- 
deace of mechanical failure in 30,000 replace- 
ments [3]. 
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Valves are often specified according to their 
gradient obtained from in vitro testing. One 
would expect a tilting-disc type of valve to have 
a lower gradient than a prosthesis in which the 
poppet remains in the orifice of the annulus. 
With tilting-disc valves it is tempting to assume 
that the gradient decreases as the disc opens to 
a larger angle. The Lillehei-Kaster valve has the 
largest opening angle (80 degrees); but among 
the more commonly used sizes, the valve gra- 
dient and the effective in vivo orifice area of the 
Lillehei-Kaster valves are not much different 
from the comparable Starr-Edwards (6120 se- 
ries) valves [6, 17]. Pyle and co-workers [13] 
actually found a lower gradient over the Starr- 
Edwards valve than over the Lillehei-Kaster 
prosthesis in the small sizes. The gradient of 
the size 14 Lillehei-Kaster aortic valve as mea- 
sured in vivo ranged between 11 and 51 mm Hg 
(mean, 23 mm Hg). These facts are particularly 
important because when confronted with a 
small annulus, surgeons abandon the valve 
they normally insert and look for a prosthesis 
with a lower gradient. The Bjórk-Shiley valve 
is a tilting-disc prosthesis with a maximum 
opening angle of 60 degrees. Yet the gra- 
dient in vivo over that valve is not different 
from the one measured in the Lillehei-Kaster 
valve [11]. One explanation for the relatively 
disappointing hemodynamic results of the 
Lillehei-Kaster valve is that, in vivo, tilting-disc 
valves do not open to their maximum angle, 
and in one study no correlation was found be- 
tween opening angle and gradient [17]. The 
reason for the high gradient of small-sized 
Lillehei-Kaster valves is the unfavorable ratio of 
outer diameter to effective orifice. For instance, 
the size 14 Lillehei-Kaster valve has an annulus 
diameter of 21 mm and an effective orifice area 
of 1.50 cm*. For the same orifice, the Björk- 
Shiley valve has an annulus diameter of 19 mm 
[14]. Only in the large sizes was the Lillehei- 
Kaster valve gradient found to be lower than 
the gradient over the Starr-Edwards valve [6]. 
However, for reasons to be explained, it is un- 
wise to use large Lillehei-Kaster valves. AI- 
‘though we tried to implant no Lillehei-Kaster 
valve smaller than size 18 for either the aortic or 
the mitral position, it was found necessary to 
use sizes smaller than 18 in 14 out of 179 pa- 


tients. Fortunately, the clinical results in this 
group were not inferior to those obtained in the 
other patients. 

. The incidence of thrombosis and emboli was 
considerable. For the aortic valves, the throm- 
boembolic incidence was 2.6 per 100 patient- 
years, which is within the range of 0 to 42 
that was reported for the Starr-Edwards cloth- 
covered, Smeloff-Cutter, Bjórk-Shiley, and Han- 
cock valves [3]. A comparison of the Lillehei- 
Kaster valve with the Biórk-Shiley aortic 
prosthesis showed no significant difference in 
the incidence of thromboembolic complica- 
tions [4, 12]. Others experienced incidences of 0 
[16] and 6.0 [7] with the Lillehei-Kaster valve. 
Interestingly, Mitha and associates [7] found no 
difference in the incidence of valve thrombosis 
whether Coumadin was used or not. Some 
groups had an unusually high incidence of 
valve thrombosis and emboli in both the mitral 
and aortic prostheses [5, 7]. Five other groups 
reporting their experiences encountered throm- 
bosis and emboli infrequently with the Lillehei- 
Kaster valve [16]. However, their data are 
insufficient to enable a comparison with our 
data. The mitral valves in our patients had a 
thromboembolic incidence of 5.0 per 100 
patient-years. This is slightly lower than inci- 
dences of 7.0 [7] and 6.7 [16] reported by two 
other groups, but is within the range of 1.0 to 
8.0 reported in other valve types [3]. The tissue 
valves are least thrombogenic. It should be 
stressed, however, that patients with atrial fi- 
brillation or with an enlarged left atrium should 
receive anticoagulants even if they have a tissue 
valve [3]. 

The insertion of the Lillehei-Kaster valve re- 
quires close attention to detail. In the mitral po- 
sition a suture may be looped inadvertently 
around a horn. This jeopardizes valve function 
and led to the death of a patient in one reported 
series [16]. It occurred twice in our series but 
was corrected before atrial closure. In both mi- 
tral and aortic position it is of great importance 
to remove all tissue protrusions into the an- 
nulus. Such tissue fragments can easily hamper 
valve function [13]. For the same reason, the 
annulus must be everted into the atrium and 
aorta. Other researchers have emphasized these 
factors and advised use of the larger size of 
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valve (size 25) as little as possible [16L It is 
thought that the disc of a large valve is mare apt 
to be caught by tissue fragments, espec.ally if 
the heart decreases in size postoperative.y. Be- 
cause the horns can catch the suture of the aor- 
totomy closure, it is wise to start aortic closure 
from close to the valve upwards. 

Modern valves cause little blood damage. The 
plasma hemoglobin usually remains within 
normal range. However, if serum haptozlobin, 
lactate dehydrogenase, and serum biliru»in are 
measured, a surprising 8596 of patients show 
evidence of excessive red cell destruction [9]. 
The Starr-Edwards valve caused most damage, 
followed by the Lillehei-Kaster; the Björk- 
Shiley came last. The slight regurgitant fow oc- 
curring with the Lillehei-Kaster valve in its 
closed position was thought to be the ceuse for 
the blood damage. 

Noise as a complication is of compaczatively 
little importance. Yet, for the patient it can be 
very annoying. Two patients compla.ned of 
noise, although 1 noticed it only when he was 
excited. This is a low incidence and certainly 
acceptable. The cost of a valve is of li-tle im- 
portance in the total expense of the operation. 

The data presented here indicate the follow- 
ing points about the Lillehei-Kaster valve: it is 
mechanically very reliable; its gradient is not 
much different from other valves in the more 
commonly used sizes; its gradient is toc high in 
the small sizes; the largest size has a low gra- 
dient but it should not be used because of the 
risk of disc entrapment; its thrombogeaicity is 
within the range of other man-made material 
valves; during insertion, close attention must 
be paid to trimming of the annulus; and this 
valve causes only minor blood damage. 
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Discussion 
DR. BENSON R. WILCOX (Chapel Hill, NC): At the Uni- 
versity of North Carolina we also have been im- 
pressed with the performance of the Lillehei-Kaster 
vave. My colleague, Dr. Peter Starek, presented our 
clinical results before this Society in 1976, and in 
general our conclusions parallel those of Dr. Zwart. 
Jy measuring pressure and flow at the time of 
implantation, we found that the hemodynamics of 
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this very durable, low-profile valve compared quite 
favorably with other prostheses in use today. 

Data from Dr. Starek’s previous presentation illus- 
trate that our long-term follow-up is very similar to 
that discussed in this report and is quite satisfactory 
for patients undergoing aortic, mitral, or multiple 
valve replacements. 

We have had some difficulty with thrombosis in 
the mitral area. Of 6 patients with valve thrombosis, 
4 definitely had inadequate Coumadin (crystalline 
warfarin sodium) therapy, and in the other 2 the 
adequacy of anticoagulation was questionable. Also, 
in 4 of the 6 patients there was some question re- 
garding the suture technique used to implant the 
valve, As was emphasized in the present study, care 
must be exercised in implanting these valves so that 
free movement of the poppet is not impeded. 

Partially because of these problems, we adopted a 
policy of using the Lillehei-Kaster valve in the aortic 
area and the Hancock prosthesis when mitral valve 
replacement is required. However, as we all know, 
tissue valves are not without their problems. For 
example, a Hancock valve was removed approxi- 
mately 2 years after implantation in a 5-year-old 
child. Histological examination demonstrated exten- 
sive fibrosis and mineralization of the tissue. The 
search for a better prosthesis continues. 

Recently we have begun a clinical trial of a new 
valve designed by Hall and Kaster. This valve incor- 
porates many of the good qualities of the Lillehei- 
Kaster valve and offers some improvements. For 
example, the Hall-Kaster valve has a greater central 
orifice for a particular external sewing ring. Prelimi- 
nary results at our institution and those reported 
from Norway are quite encouraging. 


DR. THOMAS B. FERGUSON (St. Louis, MO): I believe 
this paper provides much needed, valuable data on 
mechanical heart valves. I would like to summarize 
our very satisfactory experience with the Björk- 
Shiley valve used in either the aortic or mitral posi- 
tion. 

Since we began using this prosthesis in 1973, 186 
patients have undergone mitral valve replacement 
with this prosthesis. Four of them have experienced 
thrombotic obstruction requiring operation. One 
patient was on an apparently adequate regimen of 
anticoagulants, and in the other 3 the anticoagulant 
had been discontinued abruptly. Two patients sur- 
vived the reoperation; 2 died. Aortic valve replace- 
ment has been performed in 144 patients, and only 1 
has experienced thrombotic obstruction. This man 
voluntárily stopped anticoagulant therapy after a 


year; shortly thereafter, the valve clotted. The clot 


was removed, and the patient is now well. The inci- 
dence of clot formation on the prosthetic valves of 
patients on an adequate regimen of anticoagulants is 
4 of 186 patients with a mitral valve replacement and 
1 of 144 with an aortic valve replacement. 


Further, since we have begun to stress to patients 
and local physicians the absolute necessity of indefi- 
nite maintenance of properly controlled anticoagu- 
lant therapy, we have seen no embolic phenomena 
with this prosthesis in the last 3 years. 


DR. C. WALTON LILLEHEI (St. Paul, MN): Although 
prosthezic valves have been in use almost 20 years, 
clearly the choice of prosthesis is still controversial. 
Obviously this is a reflection of the fact that the ideal 
or completely acceptable prosthesis is yet to be iden- 
tified. - 

The Lillehei-Kaster valve has been in clinical use 
for almost 10 years, and I think that it has made two 
positive contributions to progress in this field. First, 
it is the only prosthetic valve, mechanical or tissue, 
that has never had a clinical failure due to fatigue or 
mechan:cal wearing out in more than 40,000 im- 
plants. So the problem of fatigability has essentially 
been solved. Second, when used in conjunction with 
anticoagulant therapy, it has had a very good record 
with regards to embolism. In a recently published 
collectec. series of 1,758 patients receiving a pros- 
thetic valve, the incidence of embolism was 1.196 
(Med Instrum 11:85, 1977). 

The occurrence of thrombosis in the mitral posi- 
tion is usually a reflection of impingement of the 
struts or. or into the myocardium because the pros- 
thesis employed was too large. This caveat has previ- 
ously been discussed (Ann Thorac Surg 22:367, 1976). 

More -han 3 years ago, we perfected design im- 
provements that eliminated the struts and optimized 
the orifice area while maintaining the proven pivot 
mechanism (Med Instrum 11:85, 1977). However, a 
delay in manufacturing put off the onset of clinical 
testing o: this valve until last year. At this time, it is 
too early to confirm the improvements. 

Another Minnesota valve, the St. Jude prosthesis, 
is an all-carbon refinement of the hingeless, 
double-leaflet valve described 12 years ago by myself 
and Dr. Kalke (Prosthetic Heart Valves. Edited by LA 
Brewer. &pringfield, IL, Thomas, 1969, p 285). This 
all-carbor. model has had very excellent clinical re- 
sults in she early stages, particularly in hemody- 
namics and the incidence of thromboembolism, as 
reported by Dr. Nicoloff at the University of 
Minnesota. 

Therefore, the thought I would like to leave with 
you is thet progress is occurring in the identification 
of a completely acceptable mechanical prosthesis, al- 
beit mucF slower than many of us would desire. 


DR. VIKING O. BJORK (Stockholm, Sweden): Exactly 10 
years ago today the Bjórk-Shiley valve was intro- 
duced. The patient in whom the first valve was used 
worked until March of last year when he retired at 
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the age of 65 years. Since that operation, we have 
performed replacements in 1,850 patients. 

The disc has a,concave-convex shape, lixe an 
airplane wing, so that it can slide 2.5 mm out of the 
ring, enlarging the small hole 40% and dimin:shing 
the gradient 10%, thereby decreasing the area Df low 
flow. There is a.space between the disc and the ring, 
so the area of low flow will diminish appreciably 
behind the disc. We have used this disc in 350 pa- 
tients, and the incidence of thromboembolism in the 
mitral position was 1.4 per 100 patient-years. It 
has markedly reduced the problems of thromboem- 
bolism. 

Regarding operative mortality in the present 
paper, I wonder what kind of myocardial procection 
was used. We had an operative mortality of 5*6 with 
coronary perfusion. Now we employ cardioplegia 
and place a thin, pliable pad of polypropylene foam 
around the heart and have the heart in soft ice. Using 
this method, after one injection of cold cardioplegia 
with oxygenated blood and potassium, we can keep 
the temperature of the heart at less than 20°C for 
forty-five minutes. When using the valve in a com- 
posite graft, we like the graft to be wider than the 
prosthesis and have a sinus shape. 


DR. DEMETRE M. NICOLOFF (Minneapolis, MN): I rise 
to offer some information on the new valve the St. 
Jude Medical prosthesis, mentioned by Dr. Lillehei. 
We used the Lillehei-Kaster prosthesis for 512 years. 
When we restudied patients with this prosthesis by 
elective cardiac catherization at 6 months to a year 
postoperatively, we were disappointed to find that in 
the small size valves there was a significant pressure 
gradient across the valves. In the size 14 and 16 
valves, we found average peak systolic gracients of 
45 and 28 mm Hg, respectively. 

When the Lillehei-Kaster and Starr-Edwards rnitral 
valves were compared, we found that the valve area 


of the Lillehei-Kaster was not much better than the 


Starr-Edwards. About 2 years ago we startec to work 
on the new valve that Dr. Lillehei mentioned. 

The St. Jude Medical is a low-profile, double- 
leaflet, all-pyrolytic valve. When the valv2 opens, 
there are no struts or valve structures tha: impede 
flow. There is no minor orifice. There are two major 
orifices, and the leaflets are washed during both the 
systolic and diastolic periods since there is a regur- 
gitant flow of approximately 896 through the valve. 

There have been 600 valves implanted, with 2,800 
patient-months of follow-up. There have been no 
thromboemboli and no mechanical failures. The 
valve that has been in place the longest was im- 
planted 15 months ago at the University of Min- 
nesota. There is very little or no pressure gradient 
measured across the valve in the aortic position in 
the 23, 25, and 26 mm size (0 to 6 mm Hg. 


The zatheterization data for this valve in the mitral 
positicn indicate large valve orifices both in the rest- 
ing and in the exercise state, with the highest gra- 
dient, 3 mm Hg, seen in either the 27 or 29 mm size. 
Currer.tly, we have evidence that the valve has good 
hemocynamic function. It appears to be less throm- 
bogenic than other mechanical valves that have been 
implanted, and we are hopeful that in the future it 
will b» the mechanical valve of choice. 


DR. ZWART: Several of the people who designed and 
origirated the different valve types are here, and I 


‘am p-eased that even they agree that there remains 


room for improvement. For us surgeons on the 
peripaery, it is strange to think that valves we have 
used for many years can still be improved. I ended 
my p-cesentation by stating that we are looking for a 
bette- valve, especially for the mitral position. I am 
glad -o hear that work on this is progressing. 

Dr Wilcox, I am grateful for your nice remarks 
abou- our paper. 

Dr Ferguson, you have had remarkably good re- 
sults with the Bjórk-Shiley valve. However, similar 
good results with a low incidence of thromboem- 
bolism have been obtained with the Lillehei-Kaster 
valve. 

Dr. Lillehei, you, too, indicated that the original 
Lillenei-Kaster valve can be improved and em- 
phasized this by stating that the manufacturer is now 
mak ng an improved model. Elimination of the horns 
will relieve surgeons of one problem—that of catch- 
ing sutures around the horns. 

You mentioned the St. Jude valve, and Dr. Nicoloff 
provided more data. This valve has low gradients 
ever in the small sizes. When faced with a small 
aort c annulus, surgeons often try to find a valve with 
alow gradient, which can be a different valve from 
the >ne they normally use. I want to emphasize that 
the Lillehei-Kaster valve is probably the worst choice 
if a small size is required. The size 14 has a gradient 
of between 11 and 50 mm Hg measured in patients at 
rest You can imagine what gradient this valve will 
cause if the patient is active. 

F.nally, Dr. Bjórk, I am pleased to learn about the 
improved design in your valve—the airplane wing 
des.gn—that will give the valve a lesser gradi- 
ent I think the most worrisome consideration at 
present is the incidence of thromboembolism; the 
gradients are really not that much of a problem. I 
thiak that if there is a small aortic annulus, it is better 
to enlarge the annulus of the aorta by operative 
means and insert a bigger size valve than to change 
the type of valve. Whether newer valves will live up 
to zhe expectation of providing a lower incidence of 
thomboembolism remains to be proved over the 
next several years. 


Effect of Therapeutic-Dose Irradiation 
on Left Ventricular Function in Conscious Dogs 
Kit V. Arom, M.D., Vernon S. Bishop, Ph.D., Frederick L. Grover, M.D., 


and J. Kent Trinkle, M.D. 


ABSTRACT Every week, 8 conscious, chronically 
instrumented dogs underwent left ventricular (LV) 
function studies before, during, and after cardiac ir- 
radiation with cobalt 60 (myocardial dose of 5,000 
rads at 200 rads per day through a 5 X 5 cm port). 
During the weekly LV function studies, left atrial 
pressures were raised by rapid infusion of balanced 
saline solution. Heart rate, aortic pressures, left and 
right atrial pressures, LV pressure, left ventricular 
end-diastolic pressure (LVEDP), and maximum rate 
of rise of LV pressure were recorded. Electrocardio- 
grams were made. Cardiac outputs were obtained by 
thermodilution. Stroke volume,~LV stroke work, 
and LV minute work were calculated. LV function 
curves were constructed each week. 

All dogs lost weight and became irritable after 
approximately 800 rads. The electrocardiograms 
showed signs of myocardial injury after 1,200 rads. 
All variables were slightly depressed during the first 
8 weeks following irradiation. At the eleventh week, 
both left atrial pressure and LVEDP increased sig- 
nificantly and LV function declined. There was also 
clinical evidence of LV failure at rest and after vol- 
ume loading. 

This study documents that external cardiac irradi- 
ation, in a therapeutic dose and schedule range, 
causes depression of LV function. These functional 
changes were partially reversed when the follow-up 
study was continued to six months after irradiation. 


The effects of cardiac irradiation on hemo- 
dynamics and left ventricular (LV) function 
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have not been well defined by either clini- 
cal or experimental studies (2, 8, 18, 19, 22, 36]. 
However, analysis of large numbers of patients 
reveals examples of radiation-induced heart 
disease. In patients with Hodgkin’s disease, the 
incidence was 6.6% and with breast carcinoma, 
4.5% [28]. The pathology of radiation-induced 
heart disease is distinctive but nonspecific. The 
hallmark of the late lesion is myocardial fibro- 
sis. 

In 1964, Stone and associates [30] irradiated 
dogs’ ventricles with a single dose of 20,000 
rads of cobalt 60. Cardiovascular hemody- 
namics and LV function were studied serially, 
but the results were limited by animal death 
at 2 to 4 weeks after irradiation. Almost com- 
plete destruction of the ventricular wall was 
noted at postmortem examination [3, 31]. 

Recently, extensive pathological studies of 
radiation-induced heart disease in New Zea- 
land white rabbits have demonstrated that the 
primary injury is to capillary endothelial cells, , 
resulting in obstruction of capillaries and 
ischemic fibrosis. The myocardial fibrosis is 
morphologically similar to that seen in humans 
following fractionated doses ranging from 5,400 
to 10,800 rads given over twenty-eight days, or 
after single doses of 1,800 to 8,250 rads [10, 11, 
28, 29]. This suggests that the human lesions 
have a similar pathogenesis. Unfortunately, 
cardiovascular function studies were not done. 

We proposed, therefore, to irradiate dogs to 
produce myocardial fibrosis comparable to that 
seen in humans and to study the short-term and 
long-term effects of cardiac irradiation on car- 
diovascular hemodynamics. 


Material and Methods 

Eight mongrel dogs weighing between 20.5 and 
26.0 kg were carried through the following 
sequences: measurements before irradiation, 
irradiation, and measurements after irradiation 
until the dog died or was killed at 24 weeks. 
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Two weeks before irradiation, each amimal 
was anesthetized with Pentothal (thiopental 
sodium) (30 mg per kilogram of body weight) 
and a sterile left thoracotomy was performsc.. A 
polyethylene (PE) 90 catheter was inserted in 
the left atrium through the left atrial appendage 
and an implantable solid-state pressure :rans- 
ducer (P18 Konigsberg) was placed in the LV 
wall. The catheters were anchored to tre en- 
dothoracic fascia and positioned under th: skin 
with the pullout end at the back of the nack. 
A PE 200 catheter was positioned in the 
right atrium through the jugular vein. Tre end 
of this catheter was also buried subcutaneously. 
The catheters were kept patent with intermit- 
tent injections of heparinized saline soluzion. 


Measurements before Irradiation 

Approximately 1 week after thoracotomy, a 
Swan-Ganz thermodilution catheter was in- 
serted through the right external jugular vein 
with the tip positioned in the distal pulmonary 
artery. The following measurements were ob- 
tained in the conscious state: heart rate, aortic 
pressure, mean LV systolic pressure, L7 end- 
diastolic pressure (LVEDP), maximum zaze of 
rise of LV pressure (dP/dtmax), left anc -ight 
atrial pressure, cardiac output, electro-ardio- 
gram (ECG), and body weight. Cardiac func- 
tion curves were obtained by rapid infusion of 
a balanced saline solution through a 2E 200 
catheter in the left jugular vein. A sma] roller 
pump was used to obtain a steady flow while 
slow, continuous increases in left atriel pres- 
sure and changes in other variables were re- 
corded. One liter of saline solution was neces- 
sary to reach a plateau in cardiac outpat. and 
about 120 seconds were required to ccmplete 
the necessary recordings to plot the farction 
curves. 


Irradiation 


Following the 2-week period before irradiation, 
the animals underwent cardiac irradiat:on, 200 
rads a day five days a week for 5 weeks. They 
were anesthetized with sodium pentoLa-bital. 
The heart was identified under fluoroscopy, 
field film localization was obtained, and the 
center of the left ventricle was calculatec. The 
heart was then irradiated by a the-aveutic 


cobalt 60 source, with the center of the cobalt 60 
beam directed to the calculated center of the left 
ventricle through a 5 X 5 port. Anterior ports 
were used and doses to the different depth of 
each chamber were calculated by computer 
with exactness. The penumbra effect was 
elimiaated by shielding, and the precise loca- 
tion of the port size was obtained with a 
simu.ator. 


Follow-up Measurements 

Following completion of irradiation, the mea- 
sureraients made during the control period were 
repected weekly until the dog died or was killed 
24 weeks after irradiation. At the time of post- 
mort2m examination, gross and microscopic 
examinations were performed. 

The LV systolic pressure and LVEDP were 
meacured with an implanted Konigsberg trans- 
ducer. A Konigsberg P18 is a high-fidelity, 
solic-state pressure transducer, which has a 
natural frequency in excess of 3,000 Hz and 
does not change in sensitivity during implan- 
tation. Correction for day-to-day zero drift was 
madz by assuming that the resting, control 
LVEDP was equal to the mean left atrial pres- 
sure measured, through the implanted catheter, 
by a Statham P23Db manometer. This was 
checked by simultaneously measuring LV pres- 
sure with a catheter; good agreement was ob- 
tained. The first differential of the LV pressure 
was obtained with an active circuit which was 
linear to 70 Hz [16]. 

The terms left ventricular output and cardiac 
output are used synonymously, and measure- 
merts were obtained by both the dye dilution 
and thermodilution method. While measur- 
ing the cardiac function curves, the ther- 
mocilution method was used because of the 
necessity of rapid reproduction. Just before in- 
fusion of the solution, a baseline cardiac output 
was obtained by dye dilution and correlated 
wita the thermodilution technique. 

L2ft ventricular minute work (LVMW) in 
kilcgram-meters is calculated from the formula 


CO (m AoP — m LAP) 


LVMW (kg-m) = 100 


where CO - cardiac output in liters per minute, 
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m AoP = mean aortic pressure in mm Hg, and 

m LAP = mean left atrial pressure in mm Hg. 
Left ventricular stroke work (LVSW) in 

gram-meters is calculated from the formula 


(LVP — LVEDP) (1.36) (SV) 


LVSW (gm-m) = —100 


where LVP = left ventricular pressure in mm 
Hg, LVEDP - left ventricular end-diastolic 
pressure in mm Hg, and SV = stroke volume in 
ml per beat. 

The mean left atrial pressures during infusion 
of balanced saline solution were plotted on the 
abscissa against cardiac output, LV minute 
work, and LV stroke work. The changes in 
these curves each week during the period after 
irradiation were compared among themselves 
and with the control. 

Data were analyzed for statistical significance 
of difference by paired Student t test, and ex- 
pressed as mean + standard error of the mean. 


Results 

The data from this study were obtained from 8 
healthy, conditioned dogs. Several animals 
died of other causes before irradiation, during 
irradiation, or early after irradiation and were 
excluded from the study. Five animals died 
following repeated volume overload (1 at 12 
weeks, 2 at 15 weeks, and 2 at 16 weeks). Three 
dogs were alive at 24 weeks and gradually 
showed an improvement of LV function when 
the volume overload was administered only 
every 2 to 3 weeks. 

Al dogs lost weight and became irritable 
after 800 rads. The ECG showed signs of pro- 
gressive myocardial injury after 1,200 rads. 

HEART RATE. The mean heart rate was 110 + 
5 beats per minute at rest during the control 
period (Fig 1). After the third week of irradia- 
tion, it rose approximately 2396 and then re- 
turned to near control values during the first 8 
weeks after irradiation. At 10 weeks the heart 
rate was lowest (105 + 18) and then rose stead- 
ily, reaching an average increase of 4596 at 23 
weeks. With volume overload the control heart 
rate rose to 190 + 8 beats per minute (72% in- 
crease). The increase in heart rate with volume 
overload during the first 8 weeks was compa- 
rable to the controls. From the ninth to seven- 
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Fig 1. Thz progressive changes in heart rate (HR), car- 
diac output (CO), and stroke volume (SV) at rest and 
with volume overload during the 24 weeks following 
cardiac irradiation. Changes in these variables corre- 
sponded with the clinical findings of congestive heart _ 
failure during the eleventh and seventeenth week. (SEM 
= standa-d error of the mean.) 


teenth week, heart rate rose an average of only 
20%, but after the seventeenth week, during 
volume overload, it was close to the control val- 
ues. | 

CARDIAC OUTPUT. Resting cardiac output 
was unchanged until 8 weeks after irradiation 
when it dropped from 3.9 + 0.8 to 2.1 + 0.5 
liters per minute. The cardiac output remained 
low, but steadily climbed after the seventeenth 
week and returned to normal at 22 weeks. 
During volume overload the left ventricle was 
able to generate output normally until 8 weeks 
when it began to fail. At 12 weeks the ventricu- 
lar outpt.t increased only 34% compared with a 
control value of 15096. Resting ventricular out- 
put remeined low until the twenty-first week, 
but showed a better response to volume over- 
load. After the twenty-first week, ventricular 
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Fig 2. Changes in aortic pressure (AoP) and mean left 
ventricular pressure (m LVP) during the 24 weeks after 
irradiation. Note that the pressures were normal koth at 
rest and with volume overload during the first 8 weeks. 
They dropped significantly at 9 weeks and remainzd 
low, but returned to near normal at 18 weeks. (SEM — 
standard error of the mean.) 


output returned to normal both at res: and 
during volume overload. 

STROKE VOLUME. Changes in stroke volume 
followed the course of cardiac output. Control 
stroke volume with volume overload increased 
from 35.4 + 3 ml per beat to 54 + 7, bu: only 
from 15 + 5 to 21 + 7 at 12 weeks (lowest stroke 
volume), and gradually returned to near normal 
at 22 weeks. 

AORTIC AND LEFT VENTRICULAR PRESSURES, 
Progressive changes in systolic systemic pres- 
sure corresponded with changes in mean LV 
pressure (Fig 2). Resting control aortic pres- 
sure and mean LV systolic pressure were 135 + 
8 and 108 + 8 mm Hg, respectively, and these 
pressures remained normal until after 8 vreeks. 
At 9 weeks aortic pressure was 110 + 3 and 


mean LV systolic pressure was 93 + 7 (23*6 and 


1696, respectively, lower than control values). 
The pressures remained low, but improved 
slightly and came close to the control levels at 18 


weeks (aortic pressure, 132 + 4, and mean LV 


systolic pressure, 100 + 6). After 18 weeks these 
pressures were in the control range The 
changes in pressure during volume overload 


were not as dramatic as occurred with cardiac 
output and heart rate. There were only 8% and 
12% increases, respectively, in aortic pressure 
and mean LV systolic pressure during control, 
and oaly 496 and 6% during the ninth through 
seventeenth weeks. The response to volume 
overlcad was near normal after 18 weeks. 

LEFT ATRIAL PRESSURE AND LEFT VENTRICULAR 
END-DIASTOLIC PRESSURE. Both left atrial pres- 
sure and LVEDP rose earlier after irradiation 
than the other recorded variables (Fig 3). Dur- 
ing the first 10 weeks, the average increase in 
left acrial pressure was from 1.0 mm Hg (con- 
trol) -o 7.8 mm Hg, and LVEDP was from 3.5 
mm Hg (control) to 5.7 mm Hg. During the next 
7 weeks, the former rose to 18 + 4 mm Hg and 
the latter, to 7.3 + 1.5 at rest. After 17 weeks the 
pressures returned to near normal values. With 
volume overload the rise in both pressures was 
steady during the entire course with an average 
rise cf 160% and 36%, respectively. 

MAXIMUM RATE OF RISE OF LEFT VENTRICULAR 
PRESSURE. At rest, the control dP/dtmax was 
2,740 + 225 mm Hg per second (Fig 4). During 
the frst 8 weeks after irradiation, dP/dtma, re- 
mained close to the control (2,496 + 238). At 9 
weeks it dropped to 1,750 + 224 and to 1,025 + 
250 at the twelfth week, but began to rise again 
after 16 weeks and returned to near normal at 23 
weeks. It responded well to volume overload 
during the first 8 weeks when the average rise 
was 4496 (4296 in the control). The response to 
volume overload was low during the ninth to 
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Fig 3. The progressive change in left atrial pressure 
(LAP) and left ventricular end-diastolic pressure 
(LVEDP). Note that the pressures had already increased 
during the first week after irradiation. Both LAP and 
LVEDP were highest, at rest and with volume overload, 
during tne eleventh and seventeenth weeks. (SEM = 
standara error of the mean.) 
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Fig 4. Changes in maximum rate of rise of left ven- LEFT VENTRICULAR FUNCTION CURVES. LV 
tricular pressure (dpldt Max) during the 24 weeks after stroke work was calculated and plotted against 


cardiac irradiation. It dropped significantly after 8 l . 
weeks and did not respond well to volume overload left atrial pressure (Fig 5). Peak LV stroke work 


during congestive heart failure. (SEM = standard error was 46.6 gm-m per kilogram (+ 0.25 SEM). At 8 
of the mean.) weeks both the curve shift to the right and the 


decrease in "slope" suggested a decrease in 

compliance and contractility, and at 14 weeks a 
eighteenth weeks. In fact, dP/dtmax, only rose further decrease in compliance and contractility 
from 1,125 + 125 to 1,375 + 175 at 15 weeks. were noticed. At 22 weeks both compliance and 
After 18 weeks the response to volume overload contractility improved but not quite to control 
improved but not quite to the contro] value. levels. 
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Fig 5. The average curves of left ventricular stroke work 
(LVSW). The LVSW of the animals (average weight, 
23.5 kg) is plotted against the mean left atrial pressure 
during control and at 8, 14, and 22 weeks after irradia- 
tion. Note the curves shift to the right and decrease in 
slope following irradiation. Bars represent the standard 
error of the mean. 


Comparison of LV stroke work at left atrial 
pressures of 1, 5, 10, and 20 mm Hg during the 
control and eighth, fourteenth, and twenty- 
second weeks are listed in the Table. Quantita- 
tive analysis confirmed the depression of con- 
tractility as seen in the LV function curves. 

Ventricular output curves plotted against left 
atrial pressure are shown in Figure 6. The mean 
plateau of control cardiac output was 10.4 + 8 


Comparison of the Left Ventricular Stroke Work (gm 


Common LAP Control 
(mm Hg) (gm-m) 

1 61+ 6 

5 86 + 7 
10 103 = 5 
15 110 * 3 
20 115952 


? Average weight of the dogs was 23.5 kg. 
"Statistical difference from the control (p « 0.05). 
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Fig 6. The average curves of ventricular output of the 
dogs (average weight, 23.5 kg) plotted against the mean 
left atrial pressure during control and at 8, 14, and 22 
weeks after irradiation. The mean plateau of the cardiac 
output of the control was 442 mllminikg (+ 20 SEM). 
Following irradiation the net ability of the heart to 
pump blood was diminished. Bars represent the standard 
error of the mean. 


liters per minute. This plateau was found to be 
almost constant, but the onset of the plateau did 
not occur at the same mean left atrial pressure. 
At 8 weeks the curve shifted to the right with no 
change in the slope. At 14 weeks there was a 
definite decrease in slope and a rightward shift 


of the curve. At 22 weeks both compliance and 


contractility improved to near normal values. 
Left ventricular minute work was calculated 


and plotted against left atrial pressure (Fig 7). 


The changes in the curves were similar to the 
ventricular output curves. 
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"Statistical difference from the control and from the results at the eighth and twenty-second weeks (p < 0.01). 


LAP = left atrial pressure. 


172 The Annals of Thoracic Surgery Vol 28 No 2 August 1979 


/4 wks 


LVMW (kg M) 





O 5 10 5 20 25 
Left Atrial Pressure (mmHg) 


Fig 7. The average curves of left ventricular minute 
work (LVMW) plotted against left atrial pressure at 
control and at 8, 14, and 22 weeks after irradiation. 
These data agree with the left ventricular output and 
stroke work. Bars represent the standard error of the 
mean. 


Comment 

The degree of cardiac tolerance to irradiation is 
widely reported in the literature [2, 22]. 
Schweizer [27] in 1924 reported cardiac irradia- 
tion injury in a young man who had received 
radiotherapy for Hodgkin’s disease of the 
mediastinum, There are reports of myocardial 
injury after treatment with radium [23, 25] and 
irradiation [4, 34, 35]. Histological findings 
in hearts that have been irradiated during 
treatment of adjacent organs consisted of myo- 
cardial necrosis and cardiac fibrosis [34]. 

In a survey of the patients irradiated for car- 
cinoma of the breast, Kitabatake and colleagues 
[17] reported that myocardial damage occurred 
only in those patients who had had a tumor in 
the left breast. Takaoka and co-workers [32, 33] 
observed a significant difference in survival 
among patients with carcinoma of the lung and 
of the breast according to the site of the primary 
lesion, and considered cardiac damage a possi- 
ble determinant factor. Pearson [21] reported on 


2 patients who died of myocardial infarction six. 


months after radiotherapy. Faust [14] also re- 
ported myocardial damage following post- 


operative radiation therapy in 2 patients with 
breast cancer. In both instances, irradiation 
could be ascertained as the determinant factor 
or cause of death or both. 

Pathological changes after irradiation, such 
as myocardial infarction due to fibrosis of the 
coronary arteries and other forms of myocardial 
disease, have been recognized recently but 
have rot received proper attention [9, 12]. Cohn 
and colleagues [7] described 21 patients with 
myocardial disease following radiotherapy for 
neoplasm. They stated that the risk of de- 
veloping heart disease after irradiation was 
5.8% in patients with lymphoma and 3.4% in 
patien-s with breast carcinoma. The structural 
and morphological alterations, or radiation- 
induced heart disease, were described in 1968 
by Fajardo and associates [12]. They produced 
proliferation of connective tissues and diffuse 
interstitial myocardial fibrosis. The similarity 
between the clinical and experimentally pro- 
duced myocardial lesions was striking. 

Functional cardiac disturbances were ob- 
served in some Japanese patients following the 
atomic bomb explosions at Hiroshima and 
Nagasaki [20]. Changes in the T waves were 
seen terminally. Takaoka and co-workers [32, 
33] sugzested that in patients receiving radio- 
therapy for intrathoracic or breast carcinoma, 
the prognosis is influenced by radiation- 
induced myocardial damage. About 80% of the 
patients they observed showed some electro- 
cardiographic changes during and after the 
treatment. They found both early and late ef- 
fects. The first prolongation of the Q-tc interval 
was interpreted as an early effect of irradiation, 
and the second prolongation as a late effect. The 
latter is possibly due to cardiac fibrosis second- 
ary to irradiation. 

In 19:2, Hempelmann and associates [15] in 
a monograph on the acute radiation syndrome, 
described hypotension, cardiac hypertrophy, 
and dilatation associated with arrhythmias and 
pericarditis, and called attention to the possi- 
ble action of ionizing radiation on the heart. 
Circulatory collapse and shock, described by 
Fanger and Lushbaugh [13], although non- 
specific, was considered a possible systemic 
reaction to irradiation injury. Some of these 
symptoms together with. prostration, vom- 
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iting, diarrhea, early leukocytosis followed by 
agranulocytosis, hemoconcentration, and spon- 
taneous hemorrhage are common in man and 
some animals [5, 24]. 

Cardiovascular pathophysiology has been 
demonstrated in irradiated animals compared 
with controls that were not irradiated. Caster 
and associates [6] observed an altered ECG and 
an increased plasma volume in rats receiving 
700 rads. Andrews and Brace [1] reported a 
change in the heart rate and ECG of guinea pigs 
receiving 25,000 rads. Phillips and Kimeldorf 
[21a] observed that smaller doses of radiation 
were required to produce changes in the pe- 
ripheral blood pressure of rats. The morphology 
of the late stage lesions were identical in rabbits 
treated with fractionated radiation of 5,400 rads 
for 28 days, and in those treated with a single 
dose of 2,000 rads [10, 11, 28, 29]. 

The purpose of this study was to characterize 
the functional changes of the heart in conscious 
dogs following therapeutic doses of irradiation. 
During the study all animals were trained to 
stay quietly on their right side in a sling, and 
the studies were done without sedation. 

Only ECG, heart rate, and general condition 
were observed during the irradiation period. 
The heart rate began to rise after receiving 600 
rads, and the ECG showed a prolonged Q-T 
interval after 1,200 rads. The heart rate returned 
to near normal within 8 weeks following com- 
pletion of irradiation. The left atrial pressure 
and LVEDP rose as early as 2 weeks after irradi- 
ation and remained high, but unchanged, until 
approximately 11 weeks when both again in- 
creased significantly. At the same time, the 
heart rate rose and LV function also declined 
(see Figs 1—4). The functional change at this 
point corresponded with the clinical evidence 
of LV failure. Most of the animals became 
lethargic and tachypnic, and rales could be 
heard in the dependent parts of the lungs. Mas- 
sive, frothy nasal and oral secretions were also 
noted during volume overload. One animal 
died at 12 weeks after receiving a rapid infusion 
of saline solution. When the left ventricles were 
challenged with an acute volume overload, 2 
animals died of congestive heart failure at 15 
weeks and another 2 at 16 weeks. Three dogs 
that were not receiving a weekly volume over- 


load also had signs of congestive heart failure 
but survived, with slow improvement in both 
gene-cal condition and LV function after 17 
weeks. 

Le:t ventricular function curves were con- 
structed as shown in Figures 5, 6, and 7. The 
eighth, fourteenth, and twenty-second weeks 
after irradiation were deliberately picked to 
represent a period of mild change in LV func- 
tion (eighth week), full-blown congestive heart 
failure (fourteenth week), and recovery period 
(twenty-second week). The curves showed that 
LV function had declined markedly during the 
development of congestive heart failure. The 
stroke work output curves demonstrated that 
the 3eart itself was weakened by the process of 
irradiation, and the ventricular output curves 
derr onstrated that the net ability of the heart to 
pump blood through the vascular tree was di- 
mináshed. 

The ventricular function curve is a standard 
metaod for in vivo evaluation of ventricular 
per»rmance [26]. It is based on the Frank- 
Stading mechanism, which relates myocardial 
fiber tension to fiber length. For the intact 
hea-t, stroke work is equated to tension and 
ventricular filling pressure is equated to fiber 
length (preload). Use of the ventricular function 
curve to assess myocardial contractility requires 
the assumption that, for any given interven- 
tion, the relationship of filling pressure to fiber 
lensth is constant; that is, the LV compliance 
does not change. In fact, changes in contractil- 
ity are commonly associated with changes in 
compliance. Although this invalidates the tech- 
nique for evaluation of changes in contractility 
alone, the technique remains useful if one is 
cor.sidering overall changes in ventricular per- 
formance, including both contractility and 
compliance. Changes in contractility are re- 
flected by shifts in the slope of the function 
curves, and changes in compliance by lateral 
shifts in the curves. 

Comparison of stroke work at common left 
atr.al pressures before and after irradiation 
(eizhth, fourteenth, and twenty-second weeks) 
without comparing the slopes provided 
quantitative analysis of compliance and con- 
tractility. The data confirmed the worst LV 
function at the fourteenth week. However, 
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contractility improved at 22 weeks but not to 
the control level. 

The degree of LV failure was undoubtedly 
enhanced by the weekly rapid infusion of the 
volume overload of saline solution. This was 
most evident during the last part of the period 
after irradiation when 5 dogs died right after 
the volume overload with the typical findings 
of congestive heart failure. 

This study definitely documents that external 
cardiac irradiation, in a therapeutic dose and 
schedule range, causes depression of LV func- 
tion. These functional changes were partially 
reversed when the follow-up study was carried 
out up to six months after irradiation. 
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Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery now 
requires that candidates pass both the written 
and oral portions of the certifying examination. 


In 1980 and thereafter, a written examination 


will be given prior to the oral examination. It 
will be necessary to pass the written examina- 
tion before the oral examination can be taken. 


The closing date for registration for 1981 is Au- 
gust 1, 1980. The exact times and places of these 
examinations will be announced later. 


Please address all communications to the 


American Board of Thoracic Surgery, 14640 E 
Seven Mile Road, Detroit, MI 48205. 


Factors Influencing Patency of Saphenous Vein Grafts 


Jack A. Roth, M.D., Ramon A. Cukingnan, M.D., B. Greg Brown, M.D., 
Edward Gocka, Ph.D., and Joseph S. Carey, M.D. 


ABSTRACT To determine factors affecting sa- 
phenous vein graft patency, 218 grafts in 66 unse- 
lected patients were studied angiographically 1 year 
after operation. Fourteen variables were extracted 
from the angiograms, electrocardiograms, and intra- 
operative flow measurements to assess their predic- 
tive value. Preoperative coronary vessel diameter 
and degree of proximal stenosis measured angio- 
graphically correlated significantly with graft pa- 
tency. Graft patency for vessels > 1.5 mm in diame- 
ter with > 70% stenosis was 93% (98 out of 105). 
Vessel size at operation and the presence of reactive 
hyperemia > 20 ml per minute also correlated sig- 
nificantly with graft patency. Reactive. hyperemia 
increased significantly as the severity of the vessel 
stenosis proximal to the graft increased, thus sug- 
gesting a mechanism for the improved patency rate 
of grafts to more stenotic vessels. The patency rate of 
the end-to-side component of a continuity graft (left 
anterior descending coronary artery and diagonal or 
marginal artery in 1 graft) was 100% and of the 
side-to-side component, 77%. | 

This study shows that the patency rate for saphe- 
nous vein grafts compares favorably with the re- 
ported patency for internal mammary grafts when 
critical factors such as vessel size (> 1.5 mm) and 
degree of stenosis (> 70%) are considered in bypass 
selection. 


Following its introduction in 1968, aortocoro- 
nary bypass with saphenous vein has now be- 
come an established method of treatment for 
angina pectoris. Recent studies have shown 
that this procedure provides significant symp- 
tomatic relief and functional improvement in 
up to 9396 of patients [5, 7, 21, 23]. Although 
the influence of coronary bypass grafting on 
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survival remains controversial [24], some au- 
thors have reported survivals of up to 9096 at 5 
years [12, 17]. Because medical therapy can also 
achieve symptomatic improvement with com- 
parabie long-term survival [24], criteria must be 
established for the selection of patients who 
will benefit from aortocoronary bypass opera- 
tions. Such criteria should allow the selection of 
patients with a high probability of maintaining 
long-term graft patency because early graft clo- 
sure may adversely affect symptomatic relief 
and possibly long-term survival. 

The purpose of this study is to identify pre- 
operative and intraoperative variables that in- 
fluence saphenous vein graft patency. Selecting 
patients whose coronary anatomy is most suit- 
able for bypass grafting should allow achieve- 
ment of the highest long-term patency rates. 

To determine those factors affecting saphe- 
nous vein graft patency, the results of post- 
operative angiography were analyzed in 66 
unselected patients with 218 bypass grafts. Pa- 
tients were studied regardless of symptoms. 
Fourteen variables were extracted from the an- 
giograms, electrocardiograms, and intraopera- 
tive flow measurements to assess their ability to 
predict graft patency. 


Materials and Methods 

Sixty-six men with an average age of 56 years 
were included in the study. These patients were 
part of an ongoing prospective study on graft 
patency and angiographic progression of dis- 
ease. 

All operations were performed with standard 
cardiopulmonary bypass technique using the 
Olsen pump and Optiflo adult bubble oxy- 
genator. Pump prime consisted of 1.8 liters 
of balanced electrolyte solution, pH corrected, 
and contained 75 gm of salt-poor albumin. 
Packed red cells were added if the hematocrit 
was less than 3096 during perfusion. Pump 
flows were established at 2.5 L/m?/min. Tech- 
niques of myocardial preservation varied dur- 
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ing the study period (intermittent anoxic arrest, 
moderate hypothermia, potassium cardio- 
plegia), but the heart was always arrested dur- 


ing the performance of distal anastomoses. All- 


bypass grafts were reversed saphenous veins. 
The veins were handled carefully and gently di- 
lated with heparinized blood. There were 168 
grafts with single end-to-side anastomoses. 
Twenty-five combination grafts, each with a 
side-to-side and end-to-side anastomosis, were 
performed. All anastomoses were constructed 
with a continuous suturing technique using 6-0 
Prolene. An average of 3.3 grafts per patient 
was performed. 

Selective coronary arteriography was per- 
formed preoperatively and 1 year after opera- 
tion in each patient. Arteriograms were per- 
formed in both the right and left anterior ob- 
lique projections using the method described 
by Judkins [14]. Several single-plane projec- 
tions were obtained by the method described 
by Brown and associates [4]. A Fluorocon 200 
system (General Electric) was used, and cinean- 
giograms were taken at thirty frames per sec- 
ond. Left ventricular end-diastolic (LVEDP) and 
pulmonary artery wedge pressures were mea- 
sured initially. Left ventriculograms were made 
before coronary artery catheterization. The de- 
gree of vessel stenosis was calculated by es- 
timating the percent reduction in vessel 
diameter using a computer-based method for 
analysis of the coronary arteriogram that pro- 
vided a three-dimensional reconstruction of the 
diseased segment [4]. | 

The variables assessed for each recipient cor- 
onary artery included the number of ste- 
noses proximal to the graft site that were = 
50%, the vessel grafted (e.g., right coronary 
[RCA] or left anterior descending coronary ar- 
tery [LAD]), the coronary artery diameter esti- 
mated angiographically, the location of the 
anastomosis (proximal, middle, or distal third 
of the coronary artery), the presence or absence 
of collateral vessels, the highest grade stenosis 
proximal to the graft site, and LVEDP. 

Several variables were measured intraopera- 
tively. Graft flow was measured using a 
Statham clinical blood flowmeter SP2204. Reac- 
tive hyperemia was measured by completely 
occluding the graft flow for fifteen seconds and 


then measuring the flow immediately after re- 
lease 5f the occlusion. Coronary vessel diameter 
was essessed by introducing graduated probes 
through the coronary arteriotomy. The severity 
of disease at the anastomotic site was graded as 
follows: no disease; mild (one wall involved or 
intimal thickening); moderate (two walls in- 
volved); and severe (circumferential disease). 
All data were analyzed statistically by pre- 
paring 2 X 2 contingency tables and performing 
chi square analysis using standard computer 
programs. Two-sided tests were used except 
wher. one variable was quantitative and a spe- 
cific outcome could be tested. A standard com- 
puter program was used to compute correlation 
coeff:cients by linear regression analysis. The 
null hypothesis was rejected only if p « 0.05. 


Results 

The aortocoronary graft patency rates asso- 
ciated with the variables measured in the study 
are shown in Table 1. The coronary artery 
diarreter measured angiographically was the 
best single preoperative predictor of graft pa- 
tencr. Vessels > 1.5 mm in diameter had a 90% 
patency rate (172 out of 191) while those < 1.5 
mm aad a 52% patency rate (14 out of 27). The 
seve-ity of the stenosis in the proximal coronary 
artery in percent [4] also correlated significantly 
with graft patency (see Table 1). By combining 
these two factors, saphenous bypass grafts with 
a high probability of long-term patency could 
be selected, as shown in Table 2. Grafts to coro- 
nary arteries with an angiographic diameter of 
> 1.5 mm and with > 70% stenosis had a 93% 
patency rate (98 out of 105). 

Veriables that did not correlate with graft 
patency included the number of proximal 
stenoses = 50% (tandem stenoses), the vessel 
grafied (LAD, RCA, or marginal branch), loca- 
tion of anastomoses, presence or absence of 
collateral vessels, and LVEDP (see Table 1). 

Iniraoperative measurements confirmed the 
importance of vessel diameter and distal runoff 
in predicting graft patency. Vessel diameter 
measured intraoperatively correlated signifi- 
canty with vein graft patency (see Table 1). 
Aoriocoronary bypass to recipient coronary ar- 
teries > 1.5 mm had a 90% patency rate (149 out 
of 155) compared with a 65% patency rate for 
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Table 1. Patency Rate and Statistical Significance for Studied Variables 


Variable 


Angiographic vessel diameter > 1.5 mm 
Angiographic vessel diameter « 1.5 mm 
Proximal stenosis > 70% 

Proximal stenosis < 70% 

None or 1 proximal stenosis = 50% 

Two or more proximal stenoses > 50% 
Recipient vessel, right coronary 
Recipient vessel, left anterior descending 
Recipient vessel, diagonal branch 
Recipient vessel, obtuse marginal branch 
Anastomosis, proximal third of vessel 
Anastomosis, middle third of vessel 
Anastomosis, distal third of vessel 


Collateral vessel present 
Collateral vessel absent 
LVEDP x 15 mm Hg 
LVEDP > 15 mm Hg 


Vessel diameter at operation > 1.5 mm 
Vessel diameter at operation < 1.5 mm 


Reactive hyperemia > 20 ml/min 
Reactive hyperemia < 20 ml/min 
Graft flow > 40 ml/min 

Graft flow x 40 ml/min 

No disease at anastomosis 

Mild disease at anastomosis 
Moderate disease at anastomosis 
Severe disease at anastomosis 


End-to-end anastomosis total 

Side-to-side anastomosis total 

Combination grafts, end-to-side anastomosis 
Combination grafts, side-to-side anastomosis 


Percentage of 


Grafts Patent p Value 


90 < 0.01 
52 
90 < 0.05 
80 
86 | NS 
85 
85 NS 
93 
84 
81 
96 NS 
86 
80 
85 NS 
86 
89 NS 
85 
90 « 0.01 
65 
97 « 0.01 
79 
87 « 0.06 
76 
74 NS 
85 
92 
88 
86 NS 
77 
100 « 0.02 
76 


NS = not statistically significant; LVEDP = left ventricular end-diastolic pressure. 


Table 2. Patency Rate for Bypass Grafts When 
Recipient Vessels Are Selected by Angiographic 
Diameter and Percent of Proximal Stenosis 


Diameter Diameter 
x 1.5 mm > 1.5mm 
x 70% > 7096 
Proximal Proximal 
Grafts Stenosis Stenosis 
Total no. 11 105 
No. patent 5 98 
Percent patent 45 93 
Chi square — 22.94 
p « 0.0001 


vessels € 1.5 mm (17 out of 26). The correlation 
between angiographic and surgical measure- 
ments was significant (p « 0.01). The presence 
of reactive hyperemia also showed a signif- 
icant positive correlation with graft patency. 
Grafts demonstrating reactive hyperemia of > 
20 ml per minute over mean resting flow had a 
9796 patency rate (59 out of 61) compared with 
7996 patency (91 out of 115) for grafts with a 
hyperemic flow of « 20 ml per minute. Select- 
ing grafts with reactive hyperemia of > 20 ml 
per minute and vessel size of > 1.5 mm in 
diameter yielded a 10096 patency rate (Table 3). 
The correlation of mean resting graft flow and 
patency was of borderline statistical signifi- 
cance (see Table 1). Severity of disease at the 
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Table 3. Patency Rate for Bypass Grafts When 
Recipient Vessels Are Selected by Angiograpaic 
Diameter and Reactive Hyperemia 


Diameter Diameter 
x 1.5 mm, > 1.2mm, 
Reactive Reactive 
Hyperemia Hyperemia 
x 20 ml/ > 20 ml 

Grafts min min 

Total 19 51 

No. patent 11 51 

Percent patent 58 100 

Chi square = 20.26 

p « 0.0001 


Table 4. Relationship of Coronary Artery Bupass 
Graft, Reactive Hyperemia, and Degree of 
Coronary Artery Stenosis Proximal to the Graft 





Reactive Hyperemia 
Proximal Stenosis 


(%) <20 ml/min > 20 ml/min 
<= 70 61 12 

70 54 48 

Chi square = 16.37 

p « 0.0001 


anastomotic site had no significant relationship 
to vein graft patency. 

To investigate the possible mechanisms for 
the increased patency rate of saphenous vein 
grafts to more highly stenotic vessels, the cor- 
relation between vessel stenosis and reactive 
hyperemia was analyzed. Eighty percent (48 out 
of 60) of vessels with reactive hyperemia of > 
20 ml per minute had proximal stenosis of > 
7096. Only 4796 of vessels (54 out of 115) with 
reactive hyperemia of x 20 ml per minute had a 
proximal stenosis of > 7096 (p « 0.0001) (Table 
4). This suggests that increasing degrees of 
coronary artery stenosis result in a vascular bed 
capable of receiving increased flow from the 
vein grafts. This is further supported by the 
significant positive correlation of mean resting 
graft flow with reactive hyperemia (p « 0.01). 
Mean graft flow also significantly correlated 
with recipient vessel size (p « 0.05). 

Technical factors influenced saphenous vein 


graft patency. When all anastomoses were 
analyzed as a group (both single end-to-side 
and continuity grafts), there was no significant 
difference in the patency rate for end-to-side 
versus side-to-side anastomosis. However, the 
side--o-side anastomosis had a protective influ- 
ence on the end-to-side component of the con- 
tinuity grafts. All of the end-to-side anas- 
tomoses of the continuity grafts were patent (25 
out cf 25) compared with an 83% patency rate 
(142 out of 170) for the single end-to-side anas- 
tomosis. Patency of the side-to-side anas- 
tomosis improved as technical proficiency was 
gained with the technique. During the first part 
of the study (September, 1975, to August, 1976) 
69% (11 out of 16) of side-to-side anas- 
tomoses were patent while during the second 
part of the study (August, 1976, to March, 1977) 
89% '8 out of 9) were patent. This improvement 
in petency rate (2096) may also be due to better 
selec-ion of recipient vessels. 


Comment 

The subjective and objective results of coronary 
artery bypass operations could potentially be 
improved by better selection of patients. If the 
procedure is done for symptomatic relief and 
increased longevity, then those patients with 
the highest probability of improvement based 
on graft patency should be selected. Clearly, 
long-term graft patency is a prerequisite to a 
successful outcome, and therefore, this study 
was undertaken to determine if the variables 
measured preoperatively and intraoperatively 
could predict graft patency. Although several 
previous studies have examined single factors 
influencing patency, we have attempted a com- 
prehensive investigation of many relative fac- 
tors and have examined the interrelationships 
among them. This study pertains only to 
sapFenous vein grafts, which previous studies 
have shown to have patency rates of 70 to 85% 
[8, 12, 13, 17]. Because late graft closure after 1 
year is unusual, this study could also be useful 
in predicting long-term graft patency rates 
[9, 11]. Using multiple variables to determine 
patient survival, Jones and co-workers [13] 
showed improved longevity in patients with 
internal mammary grafts. This improved survi- 
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val may be attributed to a better patency rate 
with internal mammary grafts. 

Coronary artery diameter determined an- 
giographically by the quantitative technique 
described by one of us (B. G. B.) was the single 
best predictor of graft patency [4]. Some inves- 
tigators have noted the relationship between 
vessel diameter and graft patency [3, 15, 18, 22]. 
Others, however, have not found a significant 
relationship between these factors [7, 28]. In 
this study, vessels with intraoperative internal 
diameters < 1.5 mm had a 65% patency rate. 
Therefore, in patients with otherwise favorable 
coronary anatomy, small vessels can be by- 
passed with a fair probability of long-term pa- 
tency. The use of continuity grafts may increase 
the patency rate of smaller end-to-side anas- 
tomoses by providing a bigger coronary bed. 
However, if all the coronary arteries have small 
diameters, careful consideration should be giv- 
en to other therapeutic modalities since over- 
all long-term graft patency may be significantly 
reduced. 

The contribution of proximal coronary artery 
occlusion to graft patency is controversial. Rees 
[26] noted that patency was significantly higher 
in grafts to vessels with 100% occlusion. Blum- 
lein and associates [2] found a correlation be- 
tween degree of vessel stenosis and patency. 
Others did not note this correlation [7, 28}. Our 
study demonstrated a small but significant dif- 
ference (p < 0.05) in patency rate for vessels 
with higher degrees of proximal stenosis 
(> 70%). In addition there was a highly signif- 
icant positive correlation between increasing 
proximal stenosis and reactive hyperemia. Ves- 
sels with higher degrees of stenosis produced 
greater ischemia in the distal vascular bed, 
probably related to increased flow resistance at 
the stenosis and pressure drop distally. Thus, 
the distal vascular bed dilates, distal runoff is 
increased, and flow through the graft is aug- 
mented following revascularization. 

Reactive hyperemia correlated well with graft 
patency. Marco and associates [20] also noted a 
correlation between these two factors. The rest- 
ing graft flow demonstrated only borderline 
significance in correlating with graft patency. 
Others have found a significant correlation 
between low graft flow and reduced patency 


[15, 16, 20, 22, 28]. The lack of correlation in our 
study may be due to the small number of grafts 
with flows of x 20 ml per minute (3 grafts). Both 
Marco and co-workers [20] and Kaiser and as- 
sociates [15] noted most of their occluded grafts 
had flows of < 20 ml per minute. 

Continuity or combination grafts achieved a 
patency rate comparable to single end-to-side 
grafts in our study. Combination grafts were 
described by Bartley and associates [1] in 1972, 
and others since then have reported improved 
patency with multiple side-to-side anastomoses 
[10, 19, 27]. Technique is an important factor in 
the success of this type of graft. We utilized the 
"diamond-shaped" side-to-side anastomosis 
similar to that described by Grondin and Limet 
[10]. Our data demonstrate that as experience 
with this graft technique increases, patency 
also increases. In addition, the side-to-side 
anastomosis exerts a protective effect on the 
end-to-side anastomosis, possibly by increas- 
ing total graft flow [10]. The severity of disease 
at the anastomosis did not affect graft patency, 
perhaps indicating that diameter and degree of 
stenosis rather than the quality of the vascular 
wall determine patency. Therefore, even if se- 
vere disease is noted after the arteriotomy is 
made, a successful anastomosis can be con- 
structed except in very small vessels (« 1.5 mm). 

In conclusion, the best preoperative predic- 
tors of saphenous vein graft patency are angio- 
graphic vessel diameter and the degree of coro- 
nary artery stenosis. Intraoperatively, reactive 
hyperemia and vessel diameter correlate best 
with long-term patency. The use of continuity 
grafts might also improve graft patency rates. 
This study has enabled us to isolate some of the 
factors influencing saphenous graft patency and 
may be useful in the selection of patients for 
bypass grafting. With proper selection, a pa- 
tency rate of 9396 can be achieved, comparable 
to that reported for the internal mammary graft. 
Improvement in patency rates may ultimately 
improve symptomatic relief and patient survi- 
val. 
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Discussion 

DR. GERALD M. LAWRIE (Houston, TX): I think this is a 
very important paper. Basically, the findings re- 
ported are in agreement with our experience, which 
had a similar overall patency. Also if we make a bet- 
ter selection of patients, we find patency similar to 
that obtained with the internal mammary grafts. 

If we use large arteries with good runoff and 
anastomose veins to them, we will get good patency 
rates; conversely, we will have bad results with 
smaller vessels. 

We also have been interested in the influence of 
the severity of proximal stenosis on patency, and 
have not been able to demonstrate any difference 
between vessels with stenosis of more than 70% and 
100%. Once a severe stenosis is involved, I don't 
think the degree of severity matters much. But cer- 
tainly, mildly stenosed vessels do have a lower pa- 
tency either because of lack of distal ischemia or be- 
cause of competitive flow. 
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We are interested in this problem because when 
we made a detailed study of the progression of dis- 
ease over a 5-year period, we found that mild lesions 
rarely progress. It was far more common for new le- 
sions with stenosis of more than 70% to appear in the 
vessels than for mild lesions to progress. If we com- 
bine our data with those of Dr. Roth and look at the 
small secondary and tertiary branches which have 
diameters usually less than 1 mm and which often 
have only mild stenosis, we really cannot see any 
justification for applying grafts to these vessels, 
especially since when the grafts occlude, they not 
infrequently take the branch with them. We believe 
that multiple grafts to excess are not really desirable. 

If a lesion appears angiographically to have ste- 
nosis of 50%, thallium scanning can be used toconfirm 
this. Before we operate on such patients, we prefer to 
demonstrate distal ischemia during exercise. 

I do disagree with Dr. Roth on one point. We try to 
avoid opening acoronary artery in an area of disease. 
Anyone who has done many vascular operations 
would recognize the desirability of this, and a 
number of papers have been published showing 
pathological specimens in which graft dissections in 
the native coronary artery were initiated by the at- 
tachment of grafts to the areas of disease. I think it is 
important to try to seek out soft areas, present in 
most coronary arteries, for graft attachment. 

Did the authors study the underlying native circu- 
lation? We think it very important to look not only at 
crude graft patencies but also to what has actually 
happened to the underlying artery. After all, as far as 
the patient is concerned, it is how the blood is get- 
ting to the tissues that is important, and the graft and 
the artery form a common unit. And I want to em- 
phasize the fact that a small number of grafts when 
they do occlude, do destroy the underlying artery. 

I think the results of this study enhance our ability 
to predict who should be operated on. At the same 
time, I think it is important to remember that the 
patients with the most advanced disease are, in gen- 
eral, the patients most in need of operation; and 
while the factors measured by Dr. Roth and his col- 
leagues are important guidelines for predicting the 
outcome of the operation, I think we should not be 
dissuaded to operate on some of these patients be- 
cause of the poorer chances of success. 


DR. JURO WADA (Tokyo, Japan): I believe that sur- 
geons need better visualization of the surgical 
anatomy when they are doing operations. Especially 
in microvascular operations, good magnification that 
is not cumbersome is mandatory. 

To meet this need I have devised the Wada om- 
niview magnifying glasses (Figure). They are trifocal 
and light weight, and all parts are made of clear, 
transparent plastic. Half glasses in this design are 
also available. I have a pilot pair for my own use. 





Wada omniview magnifying glasses. 


For illumination of the operative field, inde- 
pendent fiberoptic lights are to be available. They 
can be attached to a chest wall retractor or incorpo- 
rated into the glasses frame. They will obviate the 
need for headlights, which are very cumbersome. 


DR. EDWARD B. DIETHRICH (Phoenix, AZ): We also 
have been interested in the factors affecting long- 
term patency of bypass grafts and would like to be 
able to assess the patient’s potential for graft patency 
before operation. I think the study by Dr. Roth and 
his associates does make a contribution to this field. 
There are just three points that I would like to make 
based upon our 7-year experience in evaluating crite- 
ria for long-term graft patency. 

We have found that of all the factors so far iden- 
tified, the most important is the intraoperative ar- 
teriogram. We have studied more than 100 patients 
with mtraoperative arteriography and correlated the 
findings with repeat arteriographic studies made 
within 3 years. We believe the ten-point grading 
evaluation derived from the intraoperative study is 
the most important factor. This grading system as- 
sesses the quality of the anastomosis, the antegrade 
and retrograde flow, the presence or absence of distal 
atherosclerosis, and the size of the coronary artery. 

The second point concerns reactive hyperemia. We 
have found resting flow studies to be very mislead- 
ing. Our biomedical engineers have developed an 
electromagnetic flow probe that can be put around 
the vein graft and positioned and removed similarly 
to a chest tube. We have monitored the flow for the 
first forty-eight hours after operation, and have dis- 
covered that there can be increases in flow of more 
than 100% of that measured during the operation. 
This shows that the intraoperative flow study may 
not be as reliable an indicator of flow dynamics as has 
been thought; hence, I think the idea of using reac- 
tive hyperemia is quite promising. 

The third point I want to make concerns the influ- 
ence of metabolic factors on graft patency. In our 
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studies, some metabolic factors have been found to 
be as important as the technical ones. For instance, 


patients with type II or type III lipoprotein abnor- 


malities demonstrate an increased incidence of early 
graft closure and problems with the graft itself. I 
would like to ask Dr. Roth whether metabolic factors 
have demonstrated any influence in his series. 


DR. ROTH: I would like to thank the discussants for 
their very interesting and incisive comments. 

Dr. Liddle, in this particular series endarterectomy 
generally was not done. If a large atheroma was en- 
countered, it was excluded and was used as part of 
the anastomosis. 

Dr. Lawrie, the degree of proximal stenosis is 
probably not all that significant a determinant. In our 
series, the difference was only 1096 between grafts to 
vessels with greater than 7096 proximal stenosis and 
grafts to those with less than 7096 stenosis. It is prob- 
ably not the degree of proximal stenosis per se but 
rather its influence on the distal circulation that is 
important. Our data demonstrate that increasing 
proximal stenosis does increase the reactive hy- 
peremia of the distal vascular bed. 

We do not advocate opening the coronary arteries 


in an area that is heavily diseased. Nevertheless, we 
have sound that performing an anastomosis in a se- 
verely diseased vessel does not influence the patency 
rate. In our series there was no significant difference 
in patency rates among severely diseased, moder- 
ately diseased, and mildlv diseased vessels. If a ves- 
sel is nadvertently opened in an area that is heavily 
diseased, this does not deter us from doing the 
bypass. If the vessel is found to be diffusely dis- 
eased, again, this would not deter us from doing the 
graft. 

We have looked at the native coronary circulation 
as we l. Dr. Greg Brown has done the angiographic 
studies, and he finds little progression of disease at 
the anastomotic site or distal to the anastomosis. 
Most of the disease progression occurs in the portion 
of the coronary artery proximal to the anastomosis. 

Dr. Diethrich's observations are extremely in- 
terestng. We take great care to make sure that our 
restinz flows are reproducible in the operating room. 
They are measured multiple times until a stable value 
is achieved. We believe these values are reproduci- 
ble, kut I think his observations are very pertinent. 
We have not looked at metabolic factors in the pa- 
tients in this study. 


Blood Conservation 


During Myocardial Revascularization. 


Delos M. Cosgrove, M.D., Robert L. Thurer, M.D., Bruce W. Lytle, M.D., 
Carl G. Gill, M.D., Mohan Peter, M.D., and Floyd D. Loop, M.D. 


ABSTRACT A prospective study of blood utiliza- 
tion in 50 consecutive patients undergoing elective 
coronary artery bypass was undertaken. Blood was 
removed from all patients during induction of 
anesthesia and reinfused after bypass (mean, 675 
ml). Intraoperatively, all discard suction was routed 
through a regionally heparinized collecting and pro- 
cessing system, and the resulting red cell concentrate 
was transfused. At the conclusion of bypass, all 
blood remaining in the pump oxygenator was re- 
tained for transfusion. After operation, shed medi- 


astinal blood was collected in a sterile, filtered 
collection system and transfused. Normovolemic 


anemia was accepted in hemodynamically stable 
patients. 

The mean amount of patients’ blood salvaged by 
the intraoperative system was 259 ml (range, 0 to 724 
ml) and by the postoperative system, 104 ml (range, 0 
to 564 ml). Ninety-four percent (47/50) of the patients 
received no bank blood or blood products during 
their hospital stay. No patients received bank blood 
intraoperatively or during the first 24 hours follow- 
ing operation. There were no complications attribut- 
able to blood salvage techniques. 


Although cardiac surgical procedures tradi- 
tionally have required large amounts of blood 
and blood products, it is incumbent on the car- 
diac surgeon to minimize the risks of complica- 
tions from a homologous transfusion. These 
risks include febrile reactions, isoimmuniza- 
tion, transmission of hepatitis and other infec- 
tious diseases, and histocompatability reac- 
tions [9, 15, 19]. In addition, the increase in 
the number of cardiac surgical procedures per- 
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formed has made it necessary to conserve the 
limited resources of bank blood. 

Many centers have instituted methods of re- 
ducing homologous blood transfusion. Blood- 
less oxygenator primes [5, 11, 21], phlebotomy 
with normovolemic hemodilution before by- 
pass, and transfusion after bypass are widely 
used techniques [2, 7, 8]. Recently, methods for 
the salvage and retransfusion of intraoperative 
discard suction [6] and postoperatively shed 
mediastinal blood have become available [14]. 
In an attempt to minimize bank blood transfu- 
sion, we have combined these techniques with 
the salvage of oxygenator contents after bypass 
in a multifaceted blood conservation program 
for patients undergoing myocardial revascu- 
larization, and have accepted intraoperative 
and postoperative normovolemic anemia. This 
study was undertaken to demonstrate the ef- 
fectiveness of the program and to assess the 
techniques used. 


Materials and Methods 

Fifty consecutive patients undergoing elective 
coronary artery bypass were included in this 
prospective study. Patients having reopera- 
tions, those requiring preoperative intraaortic 
balloon assistance, and those with preoperative 
renal failure or a preoperative bleeding diath- 
esis were excluded. There were 43 men and 7 
women with an average age of 53.2 years 
(range, 33 to 75 years). All patients underwent 
isolated coronary artery bypass and received an 
average of 2.6 grafts (range, 1 to 5 grafts). The 
left internal mammary artery was used in 14 
patients; saphenous vein segments were used 
for all other grafts. 

Shortly after induction of anesthesia, blood 
was removed from all patients and was stored 
in citrate-phosphate-dextrose solution for later 
transfusion. During phlebotomy, normovo- 
lemia was maintained with simultaneous 
transfusion of bloodless solutions. All opera- 
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tions were done with cardiopulmonary bypass 
using a Travenol TMO membrane oxygenator 
primed with a balanced electrolyte solution. 
Anticoagulation was established with heparin, 
3 mg per kilogram of body weight, and main- 
tained with an additional 1.5 mg per kilogram 
per hour of bypass. At the termination of by- 
pass, heparin was neutralized with 1.5 mg of 
protamine per milligram of heparin given. 

Meticulous surgical hemostasis was prac- 
ticed. No so-called discard suction was used. 
Instead, all blood and other fluids were col- 
lected by a locally heparinized collecting and 
processing system.* This device washes and 
centrifuges the blood to produce a red cell con- 
centrate of autologous blood for transfusion. 

At the conclusion of cardiopulmonary by- 
pass, all blood remaining in the oxygenator 
circuit was collected and stored for later trans- 
fusion. This blood was not processed or con- 
centrated but was transfused after heparin re- 
versal. Postoperatively, shed mediastinal blood 
was collected in a commercially available dual- 
chambered, sterile system,T filtered, and re- 
transfused. 

Both during and after operation, normo- 
volemic anemia was accepted in hemody- 
namically stable patients without signs of 
perioperative myocardial injury or of neuro- 
logical or respiratory complications. Bank 
blood was given only for specific indications, 
never to maintain a predetermined hematocrit 
level. After operation, all patients were ad- 
ministered iron orally. 

Hematocrits were measured before opera- 
tion, before bypass, during bypass, immedi- 
ately after bypass, immediately after operation, 
and on the first and seventh postoperative 
days. The exact amount of blood salvaged and 
retransfused by each system, its hematocrit, 
and the postoperative chest tube drainage were 
recorded. By comparing a patient's preopera- 
tive hematocrit and the hematocrit of the blood 
collected, the amount of blood salvaged by 
the intraoperative and postoperative collection 
systems can be expressed in terms of an equiv- 
alent amount of the patient's own preoperative 


*Cell Saver, Haemonetics Corp., Braintree, MA. 
fReceptal ATS, Sorenson Research Corp., Salt Lake City, 
UT. 


blood. This allows accurate evaluation of the 
blood salvage systems by eliminating the bias 
caused by variability in the hematocrits of the 
aliquots of blood salvaged. 

Serial electrocardiograms and serum glutamic 
oxaloacetic transaminase (SGOT) values were ob- 
tained on the first three postoperative days. All 
patients were evaluated daily, and their charts 
and chest roentgenograms were reviewed 
to detect postoperative complications. 


Results 

Forty-seven patients (94%) received no homol- 
ogous blood or blood products during their en- 
tire hospital course. A total of 6 units of packed 
cells was transfused into 3 patients. No patient 
received platelets or plasma. There were no 
deaths, no major complications, no reopera- 
tions for bleeding, and no perioperative myo- 
cardial infarctions by enzymatic and electrocar- 
diographic criteria. The mean SGOT value on 
the first postoperative day was 52 units per 
milliliter. 

All homologous blood was given on the first 
or second postoperative day. A 56-year-old 
woman required 1 unit of packed cells (312 mi) 
due to hemodynamic instability at a hematocrit 
of 19%. She made an uneventful recovery and 
was discharged on the ninth postoperative day 
with a hematocrit of 29%. After becoming dis- 
oriented, a 74-year-old man required 2 units of 
packed cells (500 ml) and subsequently made an 
uneventful recovery. The third patient received 
3 units of packed cells (810 ml) because of respi- 
ratory insufficiency and a hematocrit of 17%. 
Accidentally, 800 ml of his postoperatively sal- 
vaged blood was not transfused. He did well 
and was discharged on the tenth postoperative 
day with a hematocrit of 31%. 

The average hematocrit during the hospital 
course of all patients is shown in Table 1. The 
difference between the levels before operation 
and before bypass represents hemodilution by 
phiebotomy after induction of anesthesia. With 
the establishment of bypass using crystalloid 
solution, there is further dilution. After bypass, 
blood previously removed, blood collected from 
the oxygenator circuit, and blood salvaged from 
the intraoperative system was transfused. Post- 
operatively, the hematocrit fell with bloodless 
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Table 1. Hematocrit Values 


Value (%) 
Time (Mean + SD) 
Before operation 43.9 + 3.7 
Before bypass 34.1 + 3.9 
During bypass 21.9 + 2.5 
After bvpass 22.8 + 3.1 
Immediately postop. 30:7 3.7 
Postop. day 1 28.6 + 5.6 
Postop. day 7 30.4 t 5.0 
SD = standard deviation. 
Table 2. Blood Conserved 
Blood (ml) Range 
Time Obtained (Mean * SD) (ml) 
Removed before bypass 675.4 + 242.6  270—1,580 
Salvaged 259.3 + 150.8 0-724 
intraoperatively 
Salvaged 194.2 + 130.7 0-564 
postoperatively 


SD = standard deviation. 


volume expansion and ultimately rose due to 
diuresis. 

An average of 675 ml (range, 270 to 1,580 ml) 
of blood was removed before bypass and sub- 
sequently was transfused. In 1 patient, 230 ml 


inadvertently clotted and was discarded. Sal- 


vaged blood was expressed as an equivalent 
amount of the patient’s preoperative blood. The 
intraoperative salvage system yielded an aver- 
age of 259 ml of blood per patient, significantly 
more than 104 ml of shed mediastinal blood sal- 
vaged postoperatively (p < 0.001) (Table 2). The 
mean hematocrit of the chest tube drainage was 
18%. Chest tube drainage averaged 1,098 ml 
(range, 550 to 2,270 ml) for the first 36 hours 
after operation. 


Comment 

The complications that can occur from 1 unit of 
bank blood or blood components include fe- 
brile reactions, isoimmunization, histocompati- 
bility reactions, and transmission of infectious 
diseases including hepatitis. Of these, hepatitis 
is the most common source of morbidity and 
mortality. It is generally accepted that there is 


one death per 1,000 units of blood, one case of 
clinical hepatitis per 100 units, and one case 
of abnormal liver function tests for every 10 
units of homologous, transfused blood [4]. 
When blood is transfused in large amounts, the 
additional complications of hypothermia, hy- 
perkalemia, coagulation abnormalities, hemo- 
globin dysfunction, citrate toxicity, and micro- 
embolization are potential complications [3]. 
As the morbidity and mortality of cardiac oper- 
ations decrease, the risks of transfusion of bank 
blood represent an increased percentage of the 
overall risk of cardiac operations. 

The feasibility of blood conservation during 
cardiac operations and the techniques em- 
ployed have been described previously. We 
have combined several of these methods in a 
unified approach employing intraoperative and 


‘postoperative salvage of blood; normovolemic 


anemia is accepted. The contribution of each 
method varies, depending on the clinical status 
of the individual patient, but each method has a 
potential for being highly effective in certain 
circumstances. Intraoperative salvage has been 
particulady productive in reoperations and in 
the operative therapy of aortic dissection. In 
this series, intraoperative salvage of blood was 
more productive than the postoperative salvage 
because of the minimal chest drainage. How- 
ever, when there is a large amount of drainage, 
this postoperative salvage can be an important 
contributor. 

Intraoperative salvage and transfusion of 
shed blood has long been a concept attractive to 
surgeons because it has the advantages of 
avoiding the use of autologous blood with its 
inherent risks and complications. Widespread 
acceptance and application of this technique 
have not occurred primarily because of the need 
for systemic anticoagulation and resulting co- 
agulation defects. The use of previously avail- 
able systems has been associated with dissemi- 
nated intravascular coagulation, which can 
have resulted from contamination of the blood 
with fat, tissue enzymes, particulate matter, 
and products of hemolysis [13]. This method of 
collection of intraoperatively shed blood avoids 
the problem of systemic anticoagulation and 
removes particulate matter and fluids, which 
can cause disseminated intravascular coagula- 
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tion by filtration centrifugation and washing 
the resultant red cell concentrate. To justify the 
use of autologous blood collected by this tech- 
nique, the quality of the red cells must be as 
good as or superior to stored homologous red 
cells. Orr and Blenko [12] demonstrated that red 
cells salvaged in this manner have a greater re- 
sistance to osmotic stress than bank blood or 
fresh erythrocytes and that levels of 2,3 diphos- 
phoglycerate were greater than that of bank 
blood. 

Some centers use blood processing to reduce 


- oxygenator contents to packed cells at the con- 


clusion of bypass [10]. This approach was not 
employed, and instead the entire contents of 
the pump were immediately returned to the 
patient or stored for later transfusion. In this 
way, both red cells and plasma with its coagu- 
lation factors are salvaged. 

Other methods to reduce blood utilization 
have been employed. The collection of autolo- 
gous blood weeks before operation is a well rec- 
ognized and effective method for avoiding ho- 
mologous blood transfusion [16]. We found this 
a logistically complicated procedure, not appli- 
cable to emergency situations and unstable pa- 
tients, and for this reason its use was aban- 
doned. Component therapy was assiduously 
avoided since each blood component carries 
with it many of the hazards of autologous 
transfusion; platelets and plasma were not ad- 
ministered. 

Normovolemic anemia has long been a clini- 
cally accepted modality, but the degree of ane- 
mia that the patient can tolerate during by- 
pass and after operation is unknown. In 1974, 
Brazier and associates [1] pointed to anemia 
as a factor having an adverse effect on the myo- 
cardial supply and demand ratio and leading to 
possible subendocardial ischemia. In experi- 
mental studies, Yoshikawa and colleagues [18] 
noted no increase in ischemia during acute 
hemodilution. Tector [17], Zubiate [20], and 
their associates reported good clinical results 
when patients with hematocrits of less than 
20% were weaned from cardiopulmonary by- 
pass. Similarly, we did not observe any diffi- 
culty in discontinuing bypass, nor was there 
enzymiátic^or electrocardiographic evidence of 
perioperative myocardial injury. 


We conclude that elective myocardial revas- 
cularization can be routinely performed with- 
out the use of homologous blood transfusion. 
Intraoperative and postoperative retrieval sys- 
tems conserve otherwise nonsalvageable blood, 
but intraoperative retrieval systems salvage 
significantly more blood than the postoperative 
retrieval system. Normovolemic anemia was 
well tolerated clinically in this group of pa- 
tients. 


References 


1. Brazier J, Cooper N, Buckberg G: The adequacy 
of subendocardial oxygen delivery: the interac- 
tion of determinants of flow, arterial oxygen 
content and myocardial oxygen need. Circulation 
49:968, 1974 

2. Cohn LH, Fosberg AM, Anderson WT, et al: The 
effects of phlebotomy, hemodilution and au- 
tologous transfusion on systemic oxygenation 
and whole blood utilization in open heart sur- 
gery. Chest 68:283, 1975 

3. Collins JA: Problems associated with massive 
transfusion of stored blood. Surgery 75:274, 1974 

4. Collins JA: The use of blood and blood compo- 
nents, in Manual of Surgical Intensive Care. 
Edited by JM Kinney, HH Bendixen , SR Powers. 
Philadelphia, Saunders, 1977, p 131 

5. Cooley DA, Beall AC Jr, Grondin P: Open-heart 
operations with disposable oxygenators, 5 per 
cent dextrose prime, and normothermia. Surgery 
52:713, 1962 

6. Gilcher RO, Orr MD: Intraoperative autotransfu- 
sion (abstract). Transfusion 15:520, 1975 

7. Hallowell P, Bland JHL, Buckley MJ, et al: 
Transfusion of fresh autologous blood in open- 
heart surgery: a method for reducing bank blood 
requirements. J Thorac Cardiovasc Surg 64:941, 
1972 

8. Kaplan JA, Cannarella C, Jones EL, et al: Au- 
tologous blood transfusion during cardiac sur- 
gery: a re-evaluation of three methods. ] Thorac 
Cardiovasc Surg 74:4, 1977 

9. McKittrick JE: Banked autologous blood in elec- 

. tive surgery. Am J Surg 128:137, 1974 

10. Moran JM, Babka R, Silberman S, et al: Immedi- 
ate centrifugation of oxygenator contents after 
cardiopulmonary bypass: role in maximum 
blood conservation. J Thorac Cardiovasc Surg 
76:510, 1978 

11. Neptune WB, Panico FG, Bougas JA: Clinical use 
of the pump oxygenator without donor blood for 
priming or support during extracorporeal perfu- 
sion (abstract). Circulation 20:745, 1959 

12. Orr MD, Blenko JW: Autotransfusion of concen- 
trated, selected washed red cells from surgical 


188 The Annals of Thoracic Surgery Vol 28 No 2 August 1979 


field: a biochemical and physiological compari- 
son with homologous cell transfusion, Proceed- 
ings of the Haemonetics Blood Conservation In- 
stitute, 1978 

13. Reul GJ, Solis RT, Greenberg SD, et al: Experi- 
ence with autotransfusion in the surgical man- 

. agement of trauma. Surgery 76:546, 1974 

14. Schaff HV, Hauer JM, Bell WR, et al: Autotrans- 
fusion of shed mediastinal blood after cardiac 
surgery: a prospective study. J Thorac Car- 
diovasc Surg 75:632, 1978 

15. Schmidt AM: Biological products. Fed Register 
39:18614, 1974 

16. Silver H: Banked and fresh autologous blood in 
cardiopulmonary bypass surgery. Transfusion 
15:600, 1975 

17. Tector AJ, Gabriel RP, Mateicka WE, et al: Re- 
duction of blood usage in open heart surgery. 
Chest 70:454, 1976 . 


18. Yoshikawa H, Powell WJ Jr, Bland JHL, et al: 


Effect of acute anemia on experimental myocar- 
dial ischemia. Am J Cardiol 32:670, 1973 
19. Young LE: Complications of blood transfusion. 
Ann Intern Med 61:136, 1964 
Zubiate P, Kay JH, Mendez AM, et al: Coronary 
artery surgery: a new technique with use of little 


20. 


blood, if any. J Thorac Cardiovasc Surg 68:263, 


1974 
21. Zuhdi N, McCullough B, Carey J, et al: Double- 
_ helical reservoir heart-lung machine designed for 
hypothermic perfusion; primed with 596 glucose 
in water; including hemodilution. Arch Surg 
82:320, 1961 


Discussion 
DR. JAMES S. DONAHOO (Baltimore, MD): I enjoyed Dr. 
Thurer's excellent presentation and would like to 
compliment the authors on an enviable record of 
blood conservation. We believe that from a medical 
and economic standpoint, blood conservation is very 
worthwhile, and we agree with most of the conclu- 
sions. 

We also have been interested in blood conserva- 
tion and have utilized primarily the Sorenson auto- 


transfusion system to reinfuse shed mediastinal blood. 
in the postoperative period. Hematological evalua-. 


tion of this blood reveals that in many respects it is 
superior to bank blood. It has the obvious advan- 
tages of compatibility and relative freedom from the 
risk of hepatitis. 

Two years ago we did a prospective randomized 
study, which demonstrated no deleterious effect or 
risk of infection with the use of this autotransfusion 
blood. Since that time we have used the autotransfu- 
sion system to reinfuse shed mediastinal blood in 
more than 1,000 patients and have recently reviewed 
700: Approximately one-half of the patients received 
autotransfusion blood, with an average saving of 


about 1,700 ml of blood in patients in whom the sys- 
tem was used. In the rare patient with massive 
bleeding, the system has proved to be especially 
helpfu.. 

Our patients who underwent coronary bypass lost 
an average of 802 ml of blood in the postoperative 
period. This is comparable to the present series in 
which the average loss was 1,098 ml. However, in 
contradistinction to the present experience, Wwe were 
able ta salvage and reinfuse most of this lost blood, 
about 712 ml per patient. Only 104 ml per patient was 
conserzed in this series by the use of the autotransfu- 
sion system. I would like to ask Dr. Thurer what 


happened to the approximately 900 ml of blood that 


was not reinfused? 


DR. WILLIAM E. NEVILLE (Newark, N]): At the outset I 


‘would like to thank the group from the Cleveland 


Clinic for recycling this methodology. There is no 
question that in selected patients, especially those 
underzoing coronary bypass operation, this tech- 
nique should be adopted whenever possible without 
detriment to the patient. 

At the first Annual Meeting of this Society 14 years 
ago, Een Roe and I, in separate papers, presented 
data d2monstrating the efficacy of totally priming the 
oxygenator with an electrolyte solution. We have not 
deviated over the years from our technique of totally 
priming the oxygenator with Ringer's lactate solu- 
tion. 3oth of us arrived independently at the same 
conclusions: that this technique was salubrious in 
man, physiologically feasible, and could save con- 
siderably on the use of homologous blood. Our at- 
tention was focused mainly on whether a low perfu- 
sion hematocrit could indeed support the oxygen 
demands of the tissues and whether the electrolyte 
solution might not overload the intravascular and 
extravascular compartments. In our paper, we com- 
pared whole blood prime with total Ringer's lactate 
prime of the disc oxygenator. | 

We found that metabolic acidosis did not occur 
during perfusion with the nonblood media despite 
the low perfusion hematocrit, and that urinary out- 
put was markedly increased, but that chest drainage, 
in thé first 18 hours, was not significantly different 
between the two groups. On the other hand, 
hemo ysis as judged by the plasma hemoglobin was 
markedly reduced in the asanguineous prime. 

We also found that in the skeletal muscle, water 
and sodium chloride were increased significantly, 
but, more important, potassium was markedly de- 
creased. This led us to advocate liberal supplementa- 
tion cf potassium during and following perfusion. 
The water could be removed by diuretics. 

I believe that the most important aspect of this 
paper is that it dispels the myth that severe 
hemodilution is harmful to the patient both intra- 
operatively and postoperatively, especially patients 
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with ischemic heart disease. I have always contended 
that the opposite is true. Hemodilution lowers the 
viscosity of the blood and thereby permits better 
perfusion of the tissues. 


DR. GRADY L. HALLMAN (Houston, TX): We agre= with 
Dr. Thurer and his colleagues about the feasibility of 
conserving blood during open-heart operatiors and 
would like to emphasize the advisability of doing so. 
Since 1962 with the advent of disposable bubble 
oxygenators and glucose prime, we have made an 
effort to minimize the use of blood in open-heart 
operations. This approach has made it possi-le to 
use cardiopulmonary bypass in a group that will not 
accept blood or blood products because of religious 
beliefs, the Jehovah's Witnesses. 

During a 20-year period (1957 through 1977), 654 
Jehovah's Witnesses underwent cardiovascular oper- 
ations at the Texas Heart Institute. One huadred 
twenty-one had peripheral vascular operations 
(mortality, 4.9%), and 85 had cardiac operztions 
without cardiopulmonary bypass (mortality, 9.496). 
The remaining 448 patients had cardiac operctions 
with cardiopulmonary bypass. This group inccuded 
both adults with multiple valve operations and chil- 
dren with repair of complex congenital defects, and 
ranged from 1 year old into the 80s. Some pa-ients 
were undergoing a second or third open-heart oper- 
ation. The overall mortality was 9.8%. This is bout 
twice the mortality experienced in patients uader- 
going similar operations who are not Jehovah's Wit- 
nesses. Among the 44 deaths, 3 were related di-ectly 
to loss of blood. Postoperative anemia was a con- 
tributing factor in 12 other deaths. 

Even in the patient who is not a Jehovah's Wi-ness 
we try to avoid using blood because of its atter dant 
problems. In 34% of our patients undergoing cpen- 
heart operation, we use no blood and in 35%, w2 use 
only 1 unit. The average number of units used per 
patient is 2.75. This average is high because of 
patients with a clotting problem who may require 
upwards of 80 units of blood. Fortunately, their 
numbers are very small. If only patients undergoing 
aortocoronary bypass are considered, the average is 
less than 1 unit per patient. 

We have not returned to the patient blood sh=d in 


the recovery room but make every effort to limit the 
amount of blood given because we believe that this 
reduces the number of complications and promotes a 
more favorable postoperative course. 


DR. THURER: I would like to thank the discussants. 
Drs. Neville and Hallman did some of the pioneering 
work that stimulated us to pursue this work. 

Dr. Hallman reviewed some of his total experience 
in blood utilization. Our study involves the overall 
experience of the Cleveland Clinic in this field. We 
included all patients and considered the number of 
units of blood plus the number of exposures to 
hepatitis, which we define as blood, platelets, fresh- 
frozen plasma, and the like. Over the years, the reduc- 
tion in blood used has been marked, especially since 
we began using our new techniques. Considering 
all patients, the average number of units per patient 
is now about 2.0. 

There has been a dramatic change in blood utiliza- 
tion: 6096 of all patients operated on receive no blood 
or blood products. 

Dr. Donahoo and his group at Johns Hopkins have 
done the initial work with the Sorenson system, and 
we appreciate his comments. In answer to his ques- 
tion, our patients routinely have chest tube drainage 
of 1,200 ml. A large portion of that represents serous 
drainage in the late postoperative period, which we 
did not transfuse. Also, the 104 ml stated as blood 
salvage postoperatively was related to the patient's 
preoperative hematocrit, and since the hematocrit in 
the blood collected averaged about 1896, this actually 
represents 300, 400, and 500 ml of blood per patient. 
We routinely use this only for the first 4 to 8 hours 
postoperatively since, after that time, very small 
amounts of blood are salvaged and the hematocrit of 
blood shed in the late postoperative period decreases 
significantly. 

In an initial study we did on the Sorenson system, 
the mean hematocrit was 19.9%, and in the current 
study it was 18%. This differs from the hematocrits 
reported by the Johns Hopkins group. In their study, 
the hematocrit in the drained blood was about 25%. 
We think this is because of the improved hemostasis 
during operation in our patients. 


COLLECTIVE REVIEW 


The Treatment of 


Recurrent Malignant Pleural Effusion 


Erle H. Austin, M.D., and M. Wayne Flye, 


ABSTRACT Effective control of a recurrent malig- 
nant pleural effusion can greatly improve the quality 
of life of the cancer patient. At least a dozen differ- 
ent techniques have been advocated for controlling 
this common complication of malignant disease. The 
present review collects and examines the clinical re- 
sults of all techniques designed to treat this prob- 
lem. The pathophysiology and diagnostic evaluation 
of the effusion are also discussed. 

On the basis of comparisons involving effective- 
ness, morbidity, and convenience, we recommend 
intrapleurally administered tetracycline with thora- 


costomy drainage as the technique of choice. In- . 


stillation of a talc suspension with thoracostomy 
drainage is also a safe and effective technique and 
should be employed when tetracycline fails or is 
contraindicated. 


Recurrent pleural effusions are prevalent and 
vexing problems in patients with advanced 
malignant disease. Many of these patients ex- 
perience marked respiratory discomfort al- 
though other aspects of the disease would allow 
them to lead active and productive lives. Fre- 
quent thoracenteses inconvenience both pa- 
tient and physician, can cause the complications 
of pneumothorax and protein depletion, and at 
best provide only temporary symptomatic re- 
lief. More satisfactory methods for controlling 
these effusions have been developed. Because 
the methods are so diverse and provide such 
variable results, a thorough analysis of the liter- 
ature was undertaken. The purpose of this re- 
view is to present the collected results of all of 
the published techniques in a fashion that 
facilitates comparison of their relative values. 
From this comparison the techniques of choice 
can be determined. 
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Incidence of Malignant Pleural Effusions 
Severzl large retrospective studies [59, 93, 99] 
(Table 1) have clearly established malignancy as 
a major cause of pleural effusion. At least 
one-third and probably closer to one-half of all 
pleurel effusions are secondary to malignancy. 
Maligaant pleural effusions are most commonly 
secondary to lung cancer, breast cancer, or lym- 
phoma (Hodgkin's or non-Hodgkin's) [6, 59, 72, 
99] (Table 2). Metastases from ovarian, genito- 
urinary, and gastrointestinal malignancies as 
well as less common malignancies such as 
mesotheliomas, sarcomas, and melanomas also 
can cause pleural effusion. 

The likelihood of developing a pleural effu- 
sion is quite high in certain metastatic or unre- 
sectable primary malignancies. In a retrospec- 
tive analysis of patients with disseminated 
breas: cancer, Fracchia and associates [33] noted 
the presence of pleural effusion in 286 (48%) 
of 601 patients. The effusion in 138 of these 
patients was sufficiently symptomatic and in- 
tractable to warrant intracavitary therapeutic 
agents. In a postmortem study of patients with 
lung cancer, Farber [31] noted that 353 (3396) of 
1,070 patients had pleural effusions, which cor- 
related with a 3096 incidence of effusion as de- 
termined from roentgenographic studies made 
befor2 death. Similar studies in patients with 
lympaoma also have demonstrated a high inci- 
dence of pleural effusion. The incidence ranges 
from 16 to 29% for Hodgkin's lymphoma [32, 
70, 131], and from 20 to 33% in other lym- 
phomas [19, 66, 79]. 


The Pathophysiology of Pleural Effusion 

Understanding the pathophysiology behind 
malignant pleural effusion is helpful in 
evaluating and developing effective therapies. 
The movement of fluid into and out of the 
pleural space is based on principles described 
by Szarling [89] in 1898. In normal man as a 
resul: of net hydrostatic and colloid osmotic 
pressures, protein-free liquid filters from the 


n 
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Table 1. Causes of Pleural Effusion 


1946 
Tinney, Olsen [99] 
No. of 
Cause Patients Percent 
Neoplasms 169 38.1 
CHF 42 9.4 
Infection 40 9.0 
Miscellaneous 23 5.2 
Indeterminate 170 38.3 
Total 444 


CHF = congestive heart failure. 


Table 2. Neoplasms That Cause Pleural Efftsion 


1946 
Tinney, Olsen [99] 
No. of 
Neoplasm Patients Percent 
Lung 47 28 
Breast 42 25 
Lymphoma 28 16 
Other? 52 31 
Total 169 


1955 1976 
Leuallen, Carr [59] Storey et al [93] 
No. of No. of 
Patients Percent Patients Percent 
229 52.5 64 48.1 
44 10.1 18 13.5 
36 8.3 7 5.3 
52 11.9 19 14.3 
75 17.2 25 18.8 
436 133 
1955 1974 
Leuallen, Carr [59] Anderson et al [6] 
No. of No. of 
Patients Percent Patients Percent 
95 42 32 24 
53 23 35 26 
28 12 32 24 
53 23 34 26 
229 133 


“Includes ovary, unknown primary, gastrointestinal tract, mesothelioma, uterus, kidney, sarcoma, melanoma. 


systemic capillaries in the parietal pleura into 
the pleural space and thence into the pulmo- 
nary capillaries of the visceral pleura [12]. Five 
to 10 liters of protein-free fluid pass throvgh the 
pleural space of a normal man in a 24-hcur pe- 
riod [3, 61]. Normally only a small amcunt of 


„plasma protein escapes through pleural capil- 


lary walls, and a low pleural fluid prote-n con- 
centration results. The protein that does enter 


the pleural space can only reenter the circula- . 


tion by Iymphatic drainage [25, 91], waich is 
limited to less than a liter of protein-corcaining 
fluid per 24-hour period [90]. Thus, the normal 
dynamic equilibrium in the pleural space con- 
sists of protein-free fluid entering from the 
parietal pleura and leaving by the visceral 
pleura while minimal amounts of protein enter 
from both pleural surfaces and leave by the 
lymphatics. Normally this equilibrium results 
in less than 5 ml of fluid in the pleurel space 
[12]. However, when the normal equilibrium is 


upset, fluid will accumulate until equilibrium is 
reestablished. 

Tre four major forces controlling pleural fluid 
dynemics—hydrostatic pressure, colloid os- 
moti pressure, capillary permeability, and 
lymphatic drainage—are all subject to marked 
alteration by certain disease states. Congestive 
heart failure produces a pleural effusion be- 
cause of increased hydrostatic pressure in 
systemic and pulmonary venous capillaries. 
Cirraosis and nephrotic syndrome produce ef- 
fusions because plasma colloid osmotic pres- 
sure is markedly decreased. Effusions second- 
ary to alterations in hydrostatic pressure or 
colloid osmotic pressure are defined as trans- 
uda-es, and usually contain less than 3.0 gm per 
100 ml of protein (specific gravity, less than 
1.056). 

Ircreased capillary permeability occurs with 
many disease processes that involve the pleura. 
Infection, collagen diseases, pulmonary infarc- 
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tion, and neoplastic involvement all produce 
sufficient pleural capillary breakdown to allow 
notable protein spillage into the pleural space. 
Effusions resulting from this process are de- 
fined as exudates and usually contain more 
than 3.0 gm per 100 ml of protein (specific 
gravity, more than 1.016). 

Obstruction of lymphatic drainage from the 
pleural space can also produce pleural effusion. 
Although protein entry into the pleural space 
is normal, protein exit is retarded, thereby 
favoring the influx of additional protein-free 
fluid. When a new equilibrium is reached, 
marked effusion results. Because protein cannot 
readily escape, these effusions usually contain 
more than 3.0 gm per 100 ml of protein and are 


thereby usually included among the exudative. 


effusions [12]. This mechanism appears respon- 
sible for many of the effusions associated with 
lymphoma. 

Thus, the primary mechanisms of pathogene- 
sis of neoplastic effusions are thought to be 
pleural involvement by tumor or lymphatic 
obstruction by tumor. Free growth of large 
numbers of malignant cells in the pleural space, 
much like cells in experimental ascites tumors, 
has been proposed as another mechanism of 
effusion [26]. These cells apparently produce an 
inflammatory reaction in the pleura, and an 
exudative process evolves. This type of effusion 
is unusual, but is suggested by cancer cell 
counts of more than 4,000 cells per cubic mil- 
limeter [26]. 


Diagnosis 

The development of shortness of breath, cough, 
or chest pain in a patient with known malig- 
nant disease should raise the suspicion of 
pleural effusion. While physical findings, such 
as dullness or egophony, often only pick up the 
larger effusions, a chest roentgenogram will 
detect as little as 100 ml of pleural fluid if made 
in the lateral decubitus position [74]. Pleural 
effusion seen on upright chest roentgenogram 
represents at least 300 ml of fluid [48]. Although 
the development of a pleural effusion in a pa- 
tient with malignant disease probably repre- 
sents progression of the tumor, it does not al- 
ways do so. Careful evaluation of the effusion is 
warranted in all patients without regard to pre- 
vious history of malignancy. 


The gross appearance of the effusion pro- 
vides suggestive but nonspecific information. 
Most effusions are clear, straw-colored, and 
odorless. Milky-appearing effusions suggest 
either a chylous effusion or an empyema. Em- 
pyeme fluid is usually viscid and malodorous 


.and forms a clear supernatant after centrifuga- 


tion, whereas a chylous effusion is thin and 
odorless and does not separate with centrifuga- 
tion. A bloody pleural effusion (red cell count 
greater than 100,000/mm*) suggests trauma, 
tuberculosis, pulmonary infarction, or malig- 
nancy. The gross appearance of most malignant 
effusions, however, resembles that of many be- 
nign effusions. 

Acctrate distinction between exudative and 
transudative pleural effusion is important. If it 
can be established with certainty that an effu- 
sion is secondary to a transudative process, 
pleural disease as such can be ruled out and 
appropriate therapy can be directed at the al- 
tered hydrostatic or colloid osmotic pressure. If 
an effusion is clearly secondary to an exudative 
process, further diagnostic efforts including 
cytopathology and pleural biopsy must be 
undertcken to establish the exact nature of the 
pleural disease. Although a pleural fluid pro- 
tein concentration of 3.0 gm per 100 ml is often 
used to divide transudates from exudates, sig- 
nificant overlap does exist [22, 62]. In a recent 
prospective study, Light and co-workers [62] 
discovered that 4 out of 47 pleural effusions re- 
sulting from congestive heart failure, nephro- 
sis, or c.rrhosis contained more than 3.0 gm per 
100 ml »f protein. Eleven out of 103 effusions 
resulting from well-defined exudative pro- 


cesses contained less thar3.0 gm per 100 ml of 


protein. Most disturbingly, 8 (1996) of 43 
malignant effusions were incorrectly classified 
as transudates when 3.0 gm per 100 ml was 
used as the dividing line. 

In order to more accurately separate exudates 
from transudates, Light and colleagues [62] ad- 
vocated simultaneous measurement of serum 
and pleural fluid protein and lactic dehydroge- 
nase (LDH). With these values, the presence of 
an exudate can be determined if one or more of 


the following criteria exist: (1) a pleural fluid 


protein to serum protein ratio greater than 0.5; 
(2) a pleural fluid LDH to serum LDH ratio 
greater than 0.6; or (3) a pleural fluid LDH 


-— 


—— 
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greater than 200 IU. By these criteria, these re- 
searchers were able to correctly classify 14: out 
of 150 pleural effusions. 

Once the exudative nature of the effusion has 
been established, the two most frequently em- 
ployed studies are pleural fluid cytology and 
pleural biopsy. Because of its simplicity, cy- 
tological examination of pleural fluid has be- 
come a part of routine pleural fluid evalue-ion. 
Unfortunately, the absence of malignant cells in 
the pleural fluid does not rule out malignancy. 
In fact, Jarvi and colleagues [42] found malig- 
nant cells in only 43 (4296) of 103 patients sub- 
sequently found to have cancer-related effu- 
sions. 

The importance of repeating cytologicel ex- 
aminations was emphasized by Salyer arci as- 
sociates [81] in a study of 95 patients known to 
have cancer involving the pleura. Of these pa- 
tients, 50 had positive cytological findings 
with the first specimen (5396), 11 more oa the 
second, 5 more on the third, and 3 more cn the 
fourth, for a total of 69 (7396). This same group 
of patients also underwent pleural needle bi- 
opsy. One biopsy produced positive results in 
47 out of 95 patients (49%), and a second b.opsy 
added 6 more patients with positive fincings, 
for a total of 53 (5696). As a single methcd for 
identifying the malignant nature of a p.eural 
effusion, pleural fluid cytology appears supe- 
rior to pleural needle biopsy. However, out of 
the 95 patients in that study, the combinat. pn of 
cytology and pleural biopsy established the 
diagnosis in 86 patients (90%). The contbina- 
tion of the two techniques thereby mini-nizes 
false negative evaluations. 

The 1096 of malignant effusions not correctly 
identified by these standard techniques prob- 
ably results from mechanisms other than direct 
pleural involvement with tumor. Malignant in- 
volvement of lymph nodes and channels by 
lung cancer or lymphoma, for example, can 
produce effusions without exfoliating cancer 
cells. Lung cancer can cause bronchial obstruc- 
tion leading to localized parenchymal and 


pleural inflammation from which a copious 


exudate emanates without accompanying ma- 
lignant cells. Thus, the inability to id=ntify 
malignant cells by cytology or pleural Kiopsy 
does not rule out malignancy if other clinical 
information (previous histology, roentgeno- 


graphic findings, and overall clinical course) 
strongly favors it. Many patients suffering from 
such effusions would be denied the palliative 
relief often afforded with systemic or local ther- 
apy if positive cytology or pleural biopsy was 
an absolute requirement for institution of ther- 
apy. 


Systemic versus Local Therapy 

Once the malignant nature of the effusion is 
known and the primary tumor has been iden- 
tified, appropriate therapy can commence. It is 
most judicious to begin with the current stan- 
dard treatment for advanced or unresectable 
disease. The standard therapy varies with the 
type of primary. Lung cancer often shows 
temporary response to localized irradiation, 
and lymphoma and breast cancer often re- 
spond to systemic forms of therapy, including 
chemotherapeutic agents and hormonal ma- 
nipulations. In some patients, the standard 
modalities result in objective improvement of 
the pleural effusion. Unfortunately, despite re- 
cent advances in chemotherapy and radiation 
therapy, there are still many patients who are 
disabled by persistent effusions. Fortunately, 
despite their lack of direct effect on tumor 
growth, techniques have been developed to ef- 
fect local control of pleural fluid accumulation 
and alleviate the associated respiratory distress. 
Evaluation of the relative effectiveness, conve- 
nience, and morbidity of these techniques is 
the focus of the balance of this review. 


Criteria for the Use of Local Therapy 
Regardless of which local technique is ulti- 
mately employed, a pleural effusion should 
meet certain strict criteria before local therapy is 
instituted. It should be clear to the clinician that 
the effusion is caused by a malignant condition, 
that the effusion produces respiratory symp- 
toms that are relieved by removal of the effu- 
sion, and that the effusion fails to respond to 
standard cancer therapies. Also, in the physi- 
cian’s best judgment, the patient should be in 
relatively satisfactory condition with a life ex- 
pectancy of several months. 


Analysis of Clinical Results 
All clinical studies evaluating local therapy of 
malignant pleural effusion published in the En- 
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Table 3. Effectiveness of Techniques to Control Malignant Pleural Effusion 





Percent Objective Response? Range 
Among 
Lym- Studies 
Technique References Lung Breast phoma Ovary Other Overall (%) 
Intrapleural 7, 8, 13, 16, 54% 57% 50% 59% 48% 55% 25-100 
radiosotopes 18, 24, 28, 102/190 234/413 22/44 32/54 85/177 | 536/980 
29, 36, 39- 
4], 47, 49— 
51, 65, 68, 
69, 78, 82, 
83, 86, 87, 
92, 103, 104 
Intrapleural ni- 4, 6, 9, 33, 66% 48% 37% 73% 46% 52% 28—87 
trogen mustard 46, 52, 58, 35/53 100/208 7/19 8/11 11/24 177/338 
60, 96, 106 
Intrapleural talc 1, 20, 37, 45, 93% 96% 100% 100% 87% 92% 76—100 
(gen'l anest) 73, 75, 85, 42/45 26/27 1/1 1/1 27/31 97/105 
88 
Intrapleural talc 2, 23 86% 96% 10C% 88% 67% 90% 83-93 
(suspension) 12/14 27/28 3/3 718 4/6 53/59 
Intrapleural 15,27, 95; 83% 80% 78% 50% 77% 80% 57—100 
quinacrine 38, 44, 53, 30/36 37/46 719 3/6 17/22 102/128 
76, 97, 100 
Intrapleural tetra- 53, 80, 102 100% 86% 0% 100% 87% 83-100: 
cycline 717 6/7 0/1 4/4 27/31 
Intrapleural 5, 10, 33 0% 52% 100% 0% 46% 30-63 
thio-TEPA O/1 11/21 2/2 0/2 18/39 
Intrapleural 5- 95 66% 
fluorouracil vs hs xis T Ep 23/35 
Intrapleural 71 100% 100% 50% 100% 100% 90% 
bleomycin 3/3 8/8 2/4 3/3 1/1 17/19 Ee 
Chest tube alone 6, 17, 39, 56 10096 5396 1496 55% 0-100 
1 17/32 i Es 1/7 38/69 
Pleurectomy 43, 64 100% 100% 100% 100% 100% 99% 95-100 
41/41 33/33 V1 30/30 145/147 


1/1 





"Total Objective Responses/Total Evaluable Patients (objective response = no requirement for thoracentesis for at least one 
month following procedure; evaluable patient = survives at least one month following procedure). 


glish literature since the earliest report of in- 
trapleural therapy [46] were reviewed. For each 
clinical study, the following data were carefully 
collected: (1) type of agent used for treatment, if 
any; (2) manner in which the agent was ad- 
ministered; (3) type of tumors producing effu- 
sion; (4) number of patients studied who could 
be evaluated; (5) objective response rate; and 
(6) morbidity and mortality. 

Criteria used to determine which patients 
could be evaluated and which showed an ob- 


jective response varied considerably from study ` 


to study. To minimize this nonuniformity, each 
study was carefully analyzed and the following 


criteria were applied. To be evaluated, the pa- 
tient must have required frequent and multiple 
thoracenteses prior to therapy and survived at 
least one month after therapy. To have obtained 
an objective response, the patient must have 
gone for at least one month after therapy with- 
out requiring thoracentesis. An overall objec- 
tive response rate for each particular technique 
was determined by dividing the total number 
of objective responses in all studies employing 
the technique by the total number of patients 
evaluated. The overall objective response rates 
for the techniques to be discussed are presented 
in Table 3. 
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Because in many cases there was signi-icant 
variability in response rate among studies 
evaluating the same technique, we have at- 
tempted to avoid selection artifact by inclading 
all clinical studies containing sufficient deta for 
evaluation. Where possible, objective res»onse 
rates were also determined within tumo” sub- 
groups (see Table 3) to ascertain what effect the 
type of primary tumor might have on likelihood 
of objective response. We evaluated a totzl of 66 
clinical studies involving 1,950 patients who 
could be evaluated. Several reports [21, 34, 54, 
57, 77, 84] from which sufficient data could not 
be reliably discerned were excluded frcm the 
evaluation. 


Thoracentesis 

Thoracentesis is clearly the first technique to 
employ in a patient with an effusion. Of course, 
it must be done initially for diagnostic purposes 
and is also important for determining the effect 
of removal of the effusion on the patient's respi- 
ratory symptoms. Some patients are relieved 
after the first thoracentesis and require 20 fur- 
ther local therapy. For the many patien:s who 
rapidly have recurrence, further thoracenteses 
are unlikely to give lasting relief. Anderson and 
co-workers [6] found that of 97 patients treated 
with thoracentesis alone, only 4 were tree of 
recurrence for more than 30 days. In their se- 
ries, the average time to recurrence was only 
4.2 days. Repeated and frequent thorac=nteses 
are not without complications. Hyporrotein- 
emia often results and even contribates to 
an increasing rate of effusion reaccummlation. 
Pneumothorax, empyema, and fluid loculation 
threaten each aspiration. For these reasons, 
thoracentesis has a limited role in the continu- 
ing treatment of recurrent malignant effusions. 
Nevertheless, for diagnosis, for palliatioa in the 
terminal patient, or for immediate relief of 
acute respiratory distress, thoracentesis re- 
mains an important procedure. 


Radiation Therapy 

In the 1940s, x-ray beam therapy was the only 
available local treatment, other than th oracen- 
tesis, for malignant pleural effusions. Unfortu- 
nately, doses sufficient to produce a response 
were complicated by radiation sickn=ss and 


pulmonary fibrosis. Doses low enough to avoid 
these problems were uniformly ineffective in 
resolving the effusion [49]. In 1973, however, 
Strober and colleagues [94] reported their re- 
sults using a moving strip technique and 
super-voltage therapy. Seven of 10 patients 
with recurrent malignant effusions that were 
not lymphomatous were effectively treated 
without adverse effects. Thus, with today's ad- 
vanced equipment and techniques, radiation 
therapy could become an appropriate modality 
for safely and effectively treating recurrent 
malignant effusions. However, at this time, too 
few patients have been treated to recommend 
this form of therapy for nonlymphomatous ef- 
fusions. 

External beam radiation therapy does have 
a role, however, in treating lymphomatous 
pleural effusions. Probably because blockage of 
lymph channels is a prevalent mechanism for 
effusion in such patients, radiation therapy to 
the mediastinum is often associated with reso- 
lution of the effusion, regardless of the clinical 
state of the mediastinal nodes. In fact, in one 
study, 7 of 10 patients with lymphoma and 
symptomatic recurrent effusions and no me- 
diastinal adenopathy experienced no further 
recurrence after 1,400 to 2,600 rads of mediasti- 
nal irradiation [19]. In reviewing the Mayo 
Clinic experience with pleural effusion and 
lymphoma from 1950 through 1964 (159 pa- 
tients), Weick and associates [105] thought 
that "radiotherapy to the mediastinum .. . 
was the most frequent and successful treatment 
modality employed.” Most oncologists agree 
that with lymphomas, the treatment of choice 
for symptomatic pleural effusion is mediastinal 
irradiation. 


Intrapleural Radioisotopes 

In the 1940s when external beam radiation was 
found unsatisfactory for treatment of malignant 
pleural effusions, direct intrapleural radiation 
was considered. In 1946, Müller [67] demon- 
strated the feasibility of using intracavitary 


-radioisotopes when he administered radioac- 


tive zinc (Zn) into the peritoneal cavity of a 
patient with ovarian cancer. By 1951 intrapleu- 
rally administered radioisotopes were being 
used as treatment for malignant pleural ef- 
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fusions [49]. Since that time, intrapleural 
radioisotope therapy has been the most fre- 
quently reported technique for local control of 
malignant effusion (see Table 3). The isotope 
most often used has been gold 198 (half-life, 
2.70 days; B, 0.961 mev; y, 0.412 mev), although 
more recently Cr"PO,, which is less expen- 
sive and less hazardous, has become the 
radioisotope of choice (half-life, 14.3 days; B, 
1.71 mev) for intrapleural administration. While 
the size and composition of the patient groups 
studied were quite variable, summation of all 
this experience (see Table 3) demonstrates that 
55% of a group of almost 1,000 patients were 
treated effectively. Differences between the 
types of primary tumor treated were not 
marked, although breast and ovarian cancer re- 
sponded best (57 and 59%, respectively). A re- 
cent prospective study using Cr?PO, with 
indwelling thoracostomy tube drainage corrob- 
orated the retrospective studies showing an 
objective response rate of 6196 (17 out of 28 
patients) [39]. 

The morbidity with intrapleurally adminis- 
tered radioisotopes is minimal. Chang and col- 
leagues [24] noted nausea and vomiting in 8 of 
40 patients treated. Ariel and associates [8] 
noted nausea in 25% of patients, vomiting in 
596, and fever in 596. Evidence of bone marrow 
depression was rare and insignificant, and no 
case of severe radiation sickness was reported. 
Most reports do not even mention complica- 
tions or side effects. 

The greatest drawbacks to the use of 
radioisotopes are their cost and inconvenience. 
Neither '?Au nor Cr*PO, is readily available. 
Their short half-lives prevent storage for long 
periods because of loss of activity. When they 
are employed, inconvenient precautions are 
necessary to prevent radiation hazard to per- 
sonnel and other patients. Because of these 
problems, any other agent with equal or better 
effectiveness without significant morbidity is 


more likely to be employed. Effective and far . 


more convenient methods do exist. In fact, Iz- 
bicki and co-workers [39] in one of the only two 
prospective randomized studies published 
compared the effectiveness of Cr"PO, and 
pleural drainage (thoracostomy tube for 72 
hours) with pleural drainage alone and found 
no difference. 


Intrapleural Nitrogen Mustard 

The intrapleural administration of chemo- 
therapeutic agents for malignant effusion was 
introduced as early as 1948 with nitrogen 
mustard [46], and in 1954, Albertelli and co- 
workers [4] reported a clinical series involving 
intrapleurally administered nitrogen mustard. 
The experience to date with this technique is 
summarized in Table 3. The overall effective- 
ness was 54%, with a 66% objective response in 
patients with lung cancer. Results with lym- 
phoma were relatively poor (37%), while those 
with ovarian cancer were quite good (73%); but 
the numbers were very small for these sub- 
groups and are therefore less reliable. Never- 
theless, the evidence strongly suggests that in- 
trapleurally administered nitrogen mustard is 
as effective as intrapleurally administered radio- 
isotopes. Since the expense and inconvenience 
of nitrogen mustard was much less than that of 
radioisotopes, many oncologists began to pre- 
fer nitrogen mustard as the intrapleural agent 
of choice. 

The side effects of nitrogen mustard, how- 
ever, are not insignificant. Taylor [96] claimed 
that in 9 out of 10 patients nausea and vomiting 
developed as well as mild leukopenia (2,000 to 
3,000 white blood cells/mm?). In a group of 132 
patients with breast cancer, nausea developed 
in 45, vomiting in 14, and temporary bone mar- 
row depression in 5. While these side effects are 
relatively minor, evidence that intrapleural ad- 
ministration can result in bone marrow depres- 
sion is of concern since many patients today do 
receive systemic combination chemotherapeu- 
tic agents as well. 

Pathological examination of the pleura in pa- 
tients who were successfully treated with either 
intrapleurally administered radioisotopes or 
nitrogen mustard was revealing. Kniseley and 
Andrews [55] noted a fusion between visceral 
and parietal pleura and evidence of a dense fi- 
broblastic reaction in patients successfully 
treated with radioactive gold. Surprisingly, 
many of these fused pleura contained tumor 
implants. Virtually identical findings were 
found in patients whose effusions had been 
successfully treated with nitrogen mustard [58, 
63]. Thus, it became apparent that the effec- 
tiveness of intrapleural therapy was more re- 
lated to the creation of a pleurodesis preventing 
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effusion reaccumulation than to any antineo- 
plastic effect of the agent administered. 
Several clinical studies evaluating intrepleu- 
rally administered nitrogen mustard demon- 
strated that the incidence of objective response 
was improved by adding thoracostomy drain- 
age to the regimen. In the earliest reports, the 
intrapleural agent was administered by reedle 
after most of the effusion had been evacuated. 
Taylor [96] introduced the concept of using an 
indwelling catheter to completely evacuate the 
pleural space, to administer the agent, end to 
maintain pleural drainage after instillaton of 
the agent. In patients with breast cancer and 
recurrent pleural effusions, Fracchia ard as- 
sociates [33] were able to improve the effective- 
ness of nitrogen mustard given intrapleurally 
from 28% to 66% by adding thoracostomy 
drainage to the regimen. Using thoracentesis 
followed by pleural instillation of ni-rogen 
mustard, Anderson and colleagues [6] were un- 
able to produce a single objective response in 9 
consecutive patients. However, with the addi- 
tion of thoracostomy tube drainage, an objec- 
tive response was seen in 31 of 66 patients 


(47%). As more evidence has accumulated sug- | 


gesting that the effectiveness of intra»leural 
therapy depends on creating pleural sym- 
physis, more emphasis has been placed on the 
use of the thoracostomy tube to ensure tnat the 
two pleural surfaces are kept adequately ap- 
posed for a time after the intrapleural azent is 
added. 


Intrapleural Talc 

Recognition of the importance of an achesive 
obliterative pleuritis in patients treated with 
radioisotopes or nitrogen mustard led to the 
introduction of talc as an intrapleural azent to 
combat recurrent malignant effusions Since 
reported by Bethune [11] in 1935, intrepleural 
talc had been used for many years to produce ad- 
hesions to help prevent recurrent spontaneous 
pneumothorax. In 1958, Chambers [23] re- 
ported the successful treatment of 1 of 18 
malignant pleural effusions with thoracostomy 
drainage and a sterile suspension of USP talc in 
1% procaine. Further reports of intrapleurally 
administered talc have demonstrated startlingly 
good results (see Table 3). Unfortunately, many 
of these authors used general anesthesia and 


administered the talc either directly by a 
thoracotomy or by means of a large trocar and a 
specielly designed talc aerosol. Of 34 patients 
treated by Camishion and associates [20] with 
thoracotomy and talc poudrage, 3 died in the 
immediate postoperative period. Even though 
all of the surviving patients were successfully 
treated, a 996 mortalitv is unacceptable. Since 
most reports have advocated the use of general 


anesthesia, the intrapleural administration of 


talc Las not gained favor despite its excellent 
respcnse rates. It is to be hoped that the report 
of Adler and Sayek [2] published in 1976 will 
help renew interest in the use of intrapleurally 
administered talc. Using Chambers' [23] tech- 
niqu2 of thoracostomy drainage and intra- 
pleural instillation of a talc suspension (a proce- 
dure that requires no more than a few milliliters 
of lozal anesthesia), these authors successfully 
treated 38 (9396) of 41 patients. 

The morbidity with talc given intrapleurally 
appears to be minimal. Nausea and bone mar- 
row suppression do not occur. Transient tem- 
pera-ure elevations apparently are noted but 
the incidence has not been systematically eval- 
uated. Pleural pain occurs in many patients but 
is usually controlled with analgesics. Adler and 
Sayek [2] did report 2 patients in whom tran- 
sien- hypotension developed following talc in- 
stilletion. Both patients, however, were consid- 
ered to have been relatively hypovolemic before 
this therapy and had been on long-term ste- 
roids. They both responded immediately to 
intrevenously administered fluid and steroids. 


Intrepleural Quinacrine 

Another intrapleural agent thought to control 
malsgnant effusion by effecting pleural sym- 
physis is quinacrine. Based on a favorable effect 
on Ehrlich ascites carcinoma in mice adminis- 
tered quinacrine intraperitoneally, Gellhorn 
and co-workers [35] employed quinacrine clini- 
cally in 1956 as an intracavitary agent (see Table 
3). Ks overall effectiveness appears to be quite 
good (80%). The toxic side-effects of intrapleu- 
rally administered quinacrine have been well 
docamented. Ultman and associates [100] noted 
fever in 31 of 60 patients (52%), and pain in 14 
of 60 (23%). Other retrospective studies re- 
por:ed fever in from 50 to 90% of patients [15, 
27, 35, 38, 52] and pain in from 35 to 78% of 
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patients [15, 27, 35, 38, 53]. In addition, Borja 
and Pugh [15] reported that nausea developed 
in 11 out of 29 patients (3896), transient 
hypotension in 4 of 29 (1496), and hallucina- 
tions in 3 out of 29 (1096) after quinacrine in- 
stillation. While quinacrine has no bone mar- 
row suppressive effects, it is known to have 
cerebrocortical stimulating effects [30]. Borda 
and Krant [14] reported 2 patients in whom 
convulsions developed following intrapleural 
administration of quinacrine. Status epilepticus 
developed in 1 of these patients and resulted in 
death. Though quinacrine is effective in 8096 of 
patients, reservations do exist in its use due to 
the high incidence of minor side effects and the 
small but real potential for serious complication 
or death. 


Intrapleural Tetracycline 

A readily available and relatively benign agent 
for local treatment of pleural effusion was in- 
troduced by Rubinson and Bolooki [80] in 1972. 
Drawing from animal studies showing that tet- 
racycline produces pleural adhesions [98], these 
authors were able to effectively control 10 out 
of 12 (8396) malignant pleural effusions with 
thoracostomy drainage and tetracycline instil- 
lation. Because this technique can be used in- 
expensively and conveniently in virtually any 
hospital setting, tetracycline is popular at pres- 
ent. Unfortunately, the published experience 
(see Table 3), though encouraging, is relatively 
small. It includes a prospective randomized 
trial in which thoracostomy drainage and tetra- 
cycline is compared with thoracostomy and 
quinacrine [53]. Although this study is ongo- 
ing, a preliminary report [53] confirmed that 
tetracycline and chest tube drainage controlled 
better than 8096 (10 out of 12) of malignant 
pleural effusions. While no difference in effec- 
tiveness could be seen this early in the study (8 
out of 9 patients were controlled with quina- 
crine), the tetracycline could be given in one 
dose (versus five doses for quinacrine), pro- 
duced less pleuritic pain (5 out of 12 versus 7 
out of 9 for quinacrine), and caused less fever 
(4 out of 12 versus 8 out of 9) than quinacrine. 


Other Intrapleural Agents 
Other agents have been introduced intrapleu- 
rally to relieve malignant effusions (see Table 3). 


The experience is small for each, however, and 
at least for thio-TEPA [5, 10, 33] and 5- 
fluoroura-il [95] the response rates were inferior 
to other currently used agents. For bleomycin, 
on the otaer hand, the experience of Paladine 
and co-workers [71] demonstrated a marked ef- 
fectiveness (17 out of 19 patients or 89%) and 
minimal -oxicity that could establish it as an 
approrriate agent. Further comparison with a 
more commonly used agent is needed. 


Other Techniques of Local Therapy— 

Chest Tube Only 

While most surgeons now agree that thoracos- 
tomy drainage is a necessary part of intrapleural 
therapy of malignant effusion, some claim that 
chest tub2 drainage alone is sufficient (see 
Table =). In a retrospective analysis, Lambert 
and co.leegues [56] claimed that 19 out of 22 
(86%) malignant effusions were successfully 
control:ed by a period of chest tube drainage 
alone. Anderson and co-workers [6] found this 
difficul- tc reproduce when 7 consecutive pa- 
tients failed to respond. Probably the closest 
approximetion to the true effectiveness of chest 
tube drainage alone is seen in the prospective 
study by Izbicki and associates [39]. Fifteen 
(5096) out of 30 effusions in patients with breast 
cancer were successfully controled by this 
technique. Pleural drainage alone, therefore, is 
partiallv erfective, but the intrapleural admin- 
istration cf certain agents (e.g., talc, quina- 
crine, tetracycline, or bleomycin) appears to im- 
prove the Hkelihood of an objective response. 


Pleurectom» 

Since cl:nical evidence suggests that chemically 
inducec pleurodesis will prevent recurrence of 
malignant pleural effusion, it is natural to ex- 
pect surgically induced pleurodesis to be 
equally effs»ctive. In fact, since many surgeons 
conside- parietal pleurectomy to be far more 
effective than chemical pleurodesis in the 
treatment of recurrent pneumothorax, pleurec- 
tomy migh: also be more effective in controlling 
recurrert malignant pleural effusion. The ex- 
periences cf Jensik [43], Martini [64], and their 
colleagues appear to support this contention 
(see Table 3). There was a 9996 objective re- 
sponse rate in their combined experience of 147 
patients. Itamust, however, be emphasized that 


a 
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the most effective means of local control is not 
necessarily the best. Patients incapacitated by 
recurrent malignant effusions are, in general, 
poor operative risks. Indeed, the mortality ex- 
perience in the studies of Jensik [43], Martini 
[64], and their associates was 6% and 1096, re- 
spectively. In addition, postoperative compli- 
cations occurred in 2396 of patients [64]. 
Pleurectomy, therefore, is hardly a therapy of 
choice and should not be considered for most 
patients. Nevertheless, it is conceivable that 
there might exist a very small subset of patients 
whose health is otherwise exceptionally good, 
whose malignancy is otherwise under good 
control and in whom several intrapleural 
agents have been ineffective. In such a rare 
situation, pleurectomy would be appropriate. 


Recommendations 
The ideal treatment of a recurrent pleural effu- 
sion should be 10096 effective, safe, and conve- 
nient. On the basis of this review, we can ra- 
tionally choose among the many modalities 
available. Table 4 is designed to help make this 
choice. Radiation therapy and bleomycin have 
not been included due to the currently small 
published clinical experience. Toxicity and 
convenience, though very pertinent, are dif- 
ficult to compare quantitatively from study to 
study. To facilitate this comparison we have 
chosen to score the toxicity and convenience of 
each technique on a scale of 1 to 5. 

On the basis of effectiveness alone it appears 


that intrapleural administration of isotopes or 
nitrogen mustard, and chest tube drainage 
alone no longer have a role in the local therapy 
of recurrent malignant effusion. Pleurectomy 
on the other hand, while very effective, is asso- 
ciated with undue morbidity and mortality. 
The remaining three therapies are virtually 
equal in effectiveness, and the choice of which 
intrapleural agent to use must be based on 
comparison of their relative toxicities and in- 
convenience. 

Because of its minimal inconvenience and 
toxicity we favor tetracycline as the intrapleural 
agent of choice. Although intrapleural instilla- 
tion of a talc suspension is almost as convenient 
as that of a tetracycline solution, talc is not as 
readily available and the side effects are not as 
well documented. Nevertheless, should initial 
therapy with intrapleurally administered tetra- 
cycline fail or should the patient be allergic to 
tetracycline, we advocate the use of a talc sus- 
pension. Because of its frequent side effects and 
rare serious complications, we do not recom- 
mend the intrapleural use of quinacrine. 

Whichever agent is used, the effectiveness of 
local therapy is correlated with the degree of 
pleurodesis achieved. To maximize the chance 
of this obliterative process, thoracostomy 
drainage is mandatory. For the intrapleural 
agent to be most effective in producing the nec- 
essary chemical pleuritis, the pleural space 
must be fully evacuated before the agent is in- 
stilled. After the agent has been fully allowed to 
distribute over the pleural surfaces, subsequent 


Table 4. Overall Comparison of Techniques for Controlling Malignant Pleural Effusions 


Published Experience 


No. of No. of 
Technique Studies Patients 
Tetracycline 3 31 
Talc 2P 59 
Chest tube 4 69 
alone 
Quinacrine 8 128 
Nitrogen 10 338 
mustard 
Isotopes 27 980 
Pleurectomy 2 147 


Effectiveness 


% Objective 


Response Morbidity? Inconvenience? 
87 24- 24 
90 2+ 3+ 
55 1+ Lt 
80 4+ 3+ 
52 ot 2+ 
55 2+ 4+ 
2952 5+ 5+ 


“Determined from studies cited in text and rated on scale from 1 to 5. 
"Excludes studies using general anesthesia. 
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exudation must be immediately removed so 
that both pleural surfaces remain apposed. 

On the basis of our review of the literature 
and our own clinical experience, we advocate 
the following technique for tube thoracostomy 
and chemical pleurodesis: The lightly sedated 
patient is placed on his side and the eighth in- 
tercostal space is identified at the midaxillary 
line. After several milliliters of local anesthesia 
has been injected, a 24F thoracic catheter is 
inserted at this point and advanced until the 
last hole in the tube (an extra hole cut before 
insertion) is inside the pleural space. The tube 
is sutured in place, and the chest cavity is 
drained into a waterseal suction device. Com- 
plete evacuation of fluid and full lung expan- 
sion should be verified before proceeding with 
(the intrapleural agent. Because instillation of 
either tetracycline or talc may be painful, an 
injection of meperidine or morphine is ad- 
ministered 1 hour before instillation to mini- 
mize this discomfort. If tetracycline is to be 
used, 500 mg is diluted in 30 to 50 ml of saline 
solution [80]. For talc 10 gm of USP talc powder 
previously gas sterilized and aerated is sus- 
pended in 250 ml of sterile saline solution (this 
can easily be done in a urological irrigation set) 
[2]. Just before instillation, the chest tube is 
clamped. Administration of the tetracycline is 
done by needle directly into the chest tube. Ten 
to 20 ml of saline solution are then injected to 
clear the tube. The talc suspension is instilled 
with a catheter-tipped syringe directly into the 
temporarily disconnected chest tube. Regard- 
less of the agent used, the chest tube is then left 
clamped for 2 hours. During this 2-hour period 
the patient is placed in several positions in- 
cluding supine and prone in order to distribute 
the agent over the entire pleural surface. The 
tube is then unclamped and left on low suction. 
After instillation, pleural drainage is carefully 
monitored. When drainage ceases (usually 3 or 
4 days), the chest tube is removed. 


Summary 

Pleural effusion is a common complication of 
malignancy especially in breast and lung 
cancer, and in the lymphomas. When the 
dynamic equilibrium of free water and protein 
in the pleural space is upset by the spillage of 


protein from pleural metastasis or by obstruc- 
tion of lymphatic drainage, large pleural effu- 
sions -esult and marked respiratory embar- 
rassment can ensue. The exudative nature of 
the effasion can be accurately determined by 
analyzing the relative protein and LDH con- 
centrat.ons of pleural fluid and serum. The 
malignant nature of these effusions can be 
identified in 90% of patients by a combination 
of pleuzal fluid cytology and pleural biopsy. 

Treatment of symptomatic recurrent pleural 
effusion begins with standard therapy for the 
advanced malignancy in question. When these 
treatments fail to control the effusion, local 
therapy can provide notable palliation. Me- 
diastinal radiation constitutes the best local 
therapy for effusions secondary to lymphoma, 
while intrapleural therapy is best for all other 
malignent effusions. The effectiveness of in- 
trapleural therapy depends more on the scle- 
rotic properties of the instilled agent than on its 
antineovlastic effect. Between 45 and 55% of 
patients will be effectively treated by intra- 
pleurally administered isotopes or nitrogen 
mustarc, or simply by chest tube drainage 
alone. Eowever, 80 to 90% of patients will ben- 
efit if tetracycline, talc, or quinacrine are in- 
stilled, in addition to use of thoracostomy 
drainage. Because of its effectiveness, ready 
availabiity, convenience, and minimal toxicity, 
intrapleural administration of tetracycline plus 
chest tude drainage is the therapy of choice for 
symptornatic recurrent malignant pleural effu- 
sion. 
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CORRESPONDENCE 


ACT and Heparin 


To the Editor: 

Authorities do not agree whether the use of clotting 
tests to control heparin dosage during cardiopulmo- 
nary bypass results in fewer bleeding complications 
and a more rational use of the anticoagulant than 
does simple administration on an arbitrary, fixed 
dose schedule. Recently, controlled prospective trials 
have suggested the superiority of regulation of hepa- 
rin dosage using the activated coagulation time 
(ACT). 

In the paper by Roth and colleagues (Ann Thorac 
Surg 28:59, 1979), this question is addressed by 
comparing the results in two nonconcurrent groups 
of patients. The authors conclude that the use of ACT 
can be recommended since it "prevents the adverse 
effects of overheparinization and excess protamine.” 
In fact, their data provide no support for this conclu- 
sion; there was no difference in intraoperative or 
postoperative bleeding between the two groups. Pa- 
tients whose anticoagulation was regulated using 
ACT received more heparin and required less prot- 
amine than those who had an arbitrary, fixed dose 
schedule, but there was no evidence that this combi- 
nation of effects was beneficial. The patient groups 
were neither studied at the same time nor were they 
randomized. Therefore, there is no certainty that 
they were comparable or that the comparison of their 
clinical behavior is valid. Indeed, the groups were 
significantly different in composition (p < 0.05): the 
control group included 25 patients who had coronary 
bypass and 3 who had valve replacement, whereas 
the group whose dosage was regulated by the ACT 
consisted of 17 patients undergoing coronary bypass 
and 11 requiring valve replacement. Any conclusion 
based on a difference in the behavior of two such 
dissimilar groups is of dubious validity. 

The controversy regarding the usefulness of co- 
agulation tests to monitor heparin therapy during 
cardiopulmonary bypass is not resolved by this re- 
port. Rather, it serves to confuse an already compli- 
cated situation. 


Edwin W. Salzman, M.D. 


Beth Israel Hospital 
330 Brookline Ave 
Boston, MA 02215 


Percutaneous Jugular Cannulation 

To the Editor: 

The reporting of a serious complication following 
attempted percutaneous internal jugular cannulation 
by McEnany and Austen (Ann Thorac Surg 24:233, 
1977) was timely and serves to emphasize that inva- 
sive monitoring is never without risk. However, the 
subsequent recommendation by Keates and MacAr- 


thur (Ann Thorac Surg 26:591, 1978) that “all central 
venous lines, whether for drug administration, pres- 
sure measurement, or cardiac output determination, 
be inserted at operation" seems unduly restrictive. 

Such a policy would preclude the monitoring of 
filling pressures during induction of anesthesia 
and during that time before the chest is opened. 
Furthermore, we prefer to administer all inotropic 
agents through central lines. Admittedly, the re- 
quirement for these agents early in the procedure is 
small. However, since we cannot predict absolutely 
which patients will require inotropic agents and 
since a potential cause of hypotension during induc- 
tion of anesthesia is hypovolemia, which can best be 
detected by measuring the right or left heart filling 
pressure or both, we strongly recommend that cen- 
tral lines be placed prior to induction of anesthesia in 
the adult patient. We have found that with proper 
explanation at the time of the preoperative visit and 
with acequate sedation, the lines can be routinely 
placed, with the patient under local anesthesia, with 
little discomfort. 


Norig Eilison, M.D. 
David R. Jobes, M.D. 
Alan J. schwartz, M.D. 


Department of Anesthesia 
University of Pennsylvania 
3400 Spruce St 
Philadelvhia, PA 19104 


SIXTEENTH ANNUAL MEETING OF 
THE SOCIETY OF THORACIC SURGEONS : 


Atlanta, GA, January 21-23, 1980 


The Sixteenth Annual Meeting of The Society of 
Thoracic Surgeons will be held at the Atlanta Hilton 
Hotel, Atlanta, GA, January 21-23, 1980. 


Application for Membership 

(Deadline: September 1, 1979) 

Requests for application forms for membership in 

The Society of Thoracic Surgeons should be ad- 

dressed to Quentin R. Stiles, M.D., Chairman, 

Membership Committee, The Society of Thoracic 

Surgeons, 111 E Wacker Dr, Chicago, IL 60601. 
The completed application forms and supporting 

letters must be in the hands of the Membership 

Committee by September 1, 1979, for the applicant 


‘to be considered for election at the Atlanta meeting 


next January. 


Call for Abstracts—1980 Meeting 

(Deadline: August 31, 1979) 

Abstracts for papers to be presented at the 1980 an- 
nual meeting are now being accepted. The deadline 
for receipt of abstracts is August 31, 1979. An original 
and 9 copies should be submitted, using the official 
Society abstract form (on verso of this page), to L. 
Penfield Faber, M.D., Chairman, Program Commit- 
tee (Abstracts), The Society of Thoracic Surgeons, 111 
E Wacker Dr, Chicago, IL 60601. Additional forms 
are available upon request from the Society. 
Abstracts must summarize an original contribution 
not presented or submitted elsewhere. Abstracts re- 
ceived after the deadline will not be considered. It is 
requested that the covering letter indicate the author 
who is to receive notice of acceptance or rejection and 


. the author who will present the paper. Speakers for 


accepted papers are limited to 10 minutes. 

A portion of the Annual Scientific Session will be 
devoted to forum-type presentations. A forum paper 
should be a clinical or laboratory investigation. 
Younger members of the Society and also residents 
are encouraged to submit their work as a forum 


_abstract. Interesting or different surgical techniques 


also will be considered as subject matter for forum 
presentation. Presentation of forum papers is limited 
to 5 minutes, and the opportunity for discussion 
of each will be at the discretion of the Program 
Committee. Forum abstracts should be submitted to 
the Program Committee on the regular Society ab- 
stract form under the code F. l 

The Program Committee reserves the right to select 
papers for either regular or forum-type presentation; 
the author may also designate his preference for pre- 
sentation in the forum. Essayists are reminded that 
according to the by-laws of the Society, all papers 
accepted for presentation: (1) must be submitted in 
duplicate to the Secretary at the time of presentation 
or to the Editor of The Annals of Thoracic Surgery prior 
to presentation; and (2) become the property of the 
Society if they are accepted for publication, in which 
case they may not be published other than in The 
Annals of Thoracic Surgery. 


It is well recognized that abstracts frequently belie | 


their content by virtue of poor organization, and as a 
result valuable contributions to the Scientific Ses- 
sions may be unrecognized. It is important that 


methods and results be clearly defined in the 
abstract; therefore, general statements such as "re- 
sults will be presented" are not acceptable. When a 
procedure or method is stated to have "advantages," 
those advantages should be defined. Abstracts which 
simply summarize results without defining objec- 
tives and methods are equally undesirable. 


Instructions for Abstracts 

The official abstract form printed on verso of this 
page and available from the Society, or photocopies 
thereof, must be used. Authors must categorize the 
principal subject of their abstract using the code at 
the side of the form, and insert the proper code in the 
box provided in the upper left corner of the form. 


1. Full names of authors must appear on the abstract. 

2. Institution or address is to be given, but omit ti- 
tles, degrees, and appointments. 

3. Abstracts must be typed double-spaced. 

4. When percentages are used, the absolute numbers 
of derivation must be stated. 

5. The body of the abstract should include: 

a. A brief statement of the purpose of the study 
being presented, with reference to the current 
state of research in the field. 

b. The methods of study or experimental ap- 
proach, clearly but briefly defined. 

c. A summary of the results and/or conclusions of 
the study, including sufficient details to sup- 
port those conclusions. 

d. A statement concerning the significance of the 
work and its possible implications for future 
research; "results will be presented" is unac- 
ceptable. 


In discussion of papers, the Society encourages a 
healthy spirit of constructive critical review and re- 
buttal by comments pertinent to the content of the 
paper being presented. Presentation of discussion in 
the form of "secondary papers" will not be wel- 
comed. 


Call for Surgical Films 

(Deadline: August 31, 1979) 

The popular surgical movie program will again be 
presented at the Atlanta meeting. The Program 
Committee hereby solicits the submission of surgical 
films, which may portray a surgical procedure or 
simply a technical maneuver that the surgeon thinks 
will be of interest to the Society. The film may not 
exceed 10 minutes in length. Sound movies are ac- 
ceptable but not necessary, and live narration by the 
principal surgeon is a requirement for participation 
in the movie night program. The movies may be on 
Super-8 or 16-mm film. The deadline for submission 
of films is August 31, 1979. Films also should be sent 
to L. Penfield Faber, M.D., Chairman, Program 
Committee, at the Society office, 111 E Wacker Dr, 
Chicago, IL 60601. 


W. Gerald Rainer, M.D. 
Secretary 


THE SOCIETY OF THORACIC SURGEONS 
Abstract Form 


Abstract Code (See verso for instructions) 





Title 
Author(s) 


Address 


Abstract Code | Please double-space abstract. 


P = Pulmonary 
E = Esophagus 


CW = Chest wall 
Mediastinum 


T = Trauma 

TX = Transplantation 

H = Heart 

GV = Great vessels 

HV = Valves 

HC = Congenital 

HCA = Coronary 

HP = Pacemaker 

ECR = Extracorporeal 
circulation 
Pulmonary 
support 


END = Endoscopy 


F = Forum 
presentation 
(limited to 
5 min) 
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and migrate into the patient's system with potentially toxic effec 


The feel and 
flexibility of rubber 


Easy to position, the AXIOM silicone thoracic drapes easily 
and conforms readily to all anatomical contours. The catheter is 
pliant and gentle to delicate tissues; yet strong, it remains patent, 
resisting kinking and collapse. 


FOR YOUR FREE SAMPLE. . .Call our toll- 
free number today: 800/323 - 4382 
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Division of American Hospital Supply Corporation 
General Offices: 
6600 West Touhy Avenue, Chicago, Illinois 60648 
HELPING YOU TOWARD 
TOMORROW — 


CLASSIFIED ADS 


Beginning with Volume 28 (July, 1979) of The Annals of 
Thoracic Surgery, the classified advertising section is to be 
expanded to include meeting announcements and post- 
graduate courses, as well as positions wanted or available. 
This expanded classified section supersedes the Continuing 
Education section, which ran quarterly in The Annals. The 
charge for all classified advertising is $25.00 per 50 words 
per issue. Prepayment is required. 

Classified ads for meeting announcements, postgraduate 
courses, and positions wanted or available must relate only 
to the thoracic and cardiovascular surgical specialities. All 
ads are subject to the approval of the Editor, and material 
deemed inappropriate for publication in The Annals will be 
rejected. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired when advertising a position wanted 
or available, please indicate this at the time of submission 
and a code number will be assigned. All responses received 
will remain confidential in The Annals Editorial Office and 
will be conveyed to the advertiser shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the desired issue. Send ad and 
nonrefundable check (in the amount of $25 for every 50 
words times number of issues the ad is to run), payable to 
The Annals of Thoracic Surgery, to: Herbert Sloan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7079 University 
Hospital, Ann Arbor, MI 48109. 


SITUATIONS WANTED 





Cardiovascular and thoracic surgeon, 32, ABS and ABTS 
certified, completing additional fellowship in cardiovas- 
cular surgery, FLEX, seeks association in group or part- 
nership. 


Please respond to W-57, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
hn MOS NDA. IMENNMUNIDEEN NUEEIENOMNUISEMM c£ 
Intensivist, Boards in Medicine, eligible in Anesthesia, 
wishes to join hospital or group involved in cardio- 
vascular-thoracic surgery. Extensive experience in preoper- 
ative, intraoperative, and postoperative care of cardiac pa- 
tients. Medicine and Anesthesia residencies at prestigious 
medical center with large cardiac service. Prefers West 
Coast. 


Please respond to W-180, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 36, seeking to relo- 
cate. University trained, ABS, ABTS certified, two years' 
experience in active private cardiac practice. Prefers West 
Coast, but will consider other areas. Available immediately. 


Please respond to W-181, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 33, university 
trained, seeks position. Experience includes adult and 
pediatric cardiac, thoracic, and peripheral vascular surgery. 
No geographic preference. Available July, 1979. 


Please respond to W-187, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 

DEL ORG QE Te ee x LE 
Young, Board-certified general surgeon desires Board- 
approved residency position in thoracic surgery beginning 
July, 1979. 


Please respond to W-188, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


o — €— —— — 


A-36 


Thoracic and cardiovascular surgeon, 37, married, ABS, 
ABTS certified, FRCS, FACC with vast experience and with 
additional year of fellowship at the Cleveland Clinic. Avail- 
able immediately. 


Please respond to W-189, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic and peripheral vascular surgeon, 37, ABS, 
ABTS, FRCS(C) desires relocation. Training at Cleveland 
Clinic in addition to excellent training in general thoracic 
and peripheral vascular surgery in another major US center. 
Currently in private practice. 


Please respond to W-190, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Physician's assistant, trained in cardiothoracic surgical 
techniques and patient care, seeks position in South or 
West. Prefers private group practice. NCCPA certified. 


Please respond to W-191, The Annals of Thoracic Surgery, 
C-7073 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, 37, ABS, ABTS cer- 
tified, seeks opportunity to relocate his practice. Full-time 
professor at university. Available immediately. 


Please respond to W-192, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, FRCS (Canadian), 
would like to relocate. Geographic full-time at Canadian 
teaching hospital, US-trained in all aspects of adult and 
pediatric cardiovascular and thoracic surgery. Interested in 
adult thoracic, cardiac, and vascular surgery. 


Please respond to W-194, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic and vascular surgeon, 38, ABS, ABTS cer- 
tified, FLEX, seeks solo or group practice. Prefers New York 
City and suburbs or California. Available July, 1979. 


Please respond to W-195, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Seasoned cardiac and thoracic surgeon at mid-career in 
full-time academic practice seeks situation in private sector. 
Opportunity to initiate new cardiac surgical program pre- 
ferred. Area and details flexible. ABS, ABTS, FACS, FACC, 
STS, AATS. 


Please respond to W-196, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic surgeon, 34, family, university trained, 
ABS, ABTS certified, wishes to relocate. One year of private 
practice experience in all phases of cardiac, thoracic, and 
peripheral vascular surgery. Prefers Midwest, but will con- 
sider all locations. 


Please respond to W-197, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Young, certified, cardiothoracic surgeon, presently in aca- 
demic practice, seeks association with group or partner- 
ship. Cardiac and thoracic practice preferred. Available 
immediately; no geographic preference. Curriculum vitae 
and bibliography upon request. 


Please respond to W-198, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





SITUATIONS AVAILABLE 


Thoracic and vascular surgeon wanted to join private prac- 
tice in Monterey Bay area of CA. No open-heart surgery 
performed. Applicant must be ABTS certified or eligible. 


Please respond to A-115, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


CCP or Board-eligible graduate of accredited two-vear car- 
diovascular perfusion technology training program needed 
for open-heart surgery team at 410-bed, teaching hospital. 
Progressive program dating from 1959, modern equipment, 
desirable geographic location. 


Please contact G. Branston, Personnel Department, Blodgett 
Memorial Medical Center, 1840 Wealthy, SE, Grand Rapids, 
MI 49506; tel: (616) 774-7818. An EOE/MFF. 


Cardiovascular and thoracic surgical group in southern city 
seeks associate in growing practice of thoracic, cardiac, and 
vascular surgery. Vascular laboratory being initiated. Uni- 
versity affiliation available. 


Please respond to A-117, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Noncardiac esophageal/pulmonary surgical fellowship 
available beginning July 1, 1979, for one vear. University- 
affiliated program, noncardiac pulmonary and esophageal 
surgerv. Candidate must be ABTS certified. 


Please respond to Tom R. DeMeester, M.D., The University 
of Chicago Pritzker School of Medicine, 950 E 59th St, 
Chicago, IL 60637; tel: (312) 947-6924. 


Fellowship in pediatric cardiovascular and thoracic sur- 
gery. One-year program beginning July 1, 1979, includes 
emergency newborn surgery as well as elective closed and 
open cardiac surgical procedures. 


Please respond with curriculum vitae to A-119, The Annals 
of Thoracic Surgery, C-7079 University Hospital, Ann 
Arbor, MI 48109. 





Thoracic and general surgeon wanted to join two busy sur- 
geons in New Jersey, 35 miles from New York City. Must be 
certified in general surgery and Board eligible in thoracic 
surgery. Community hospital with medical school affilia- 
tion; no cardiac surgery. 


Please respond to A-120, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, Board eligible or cer- 
tified, wanted to join an established thoracic and cardicvas- 
cular surgeon in Northeastern US. 


Please send curriculum vitae to A-121, The Annals of 
Thoracic Surgery, C-7079 University Hospital, Ann Arbor, 
MI 48109. 





Thoracic and peripheral vascular surgeon wanted to join 
private practice in Maryland suburbs of Washington, DC. 


Please respond to Robert B. Wagner, M.D., 6228 Mazwood 
Rd, Rockville, MD 20852; tel: (301) 762-9549. 





—— ———————————— E 
Cardiovascular and thoracic surgeon, Board certified or 
eligible, wanted to join established practice in Ohio. Adult 
cardiac, vascular, and general thoracic surgery. University 
affiliation available. Association leading to partnership. 
Prefer recent graduates. 


Send curriculum vitae to A-126, The Annals of Thoracic 
Surgery, C-7079 University Hospital, Ann Arbor, MI 
48109. 





Thoracic and vascular surgeon wanted as associate in East 
Coast practice limited to thoracic and vascular surgery. 
Must be ABTS eligible or certified. 


Please respond to A-127, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





General thoracic surgeon wanted íor academic medical 
center. Must be experienced in adult pulmonary and 
esophageal surgery and endoscopy. Will supervise active 
Veterans Administration service and have excellent oppor- 
tunity for private practice within medical center. Must be 
interested in resident training and clinical or laboratory re- 
search. Faculty rank negotiable. 


Please respond to Lawrence I. Bonchek, M.D., Chairman, 
Department of Cardiothoracic Surgery, Medical College of 
Wisconsin, 8700 W Wisconsin Ave, Milwaukee, WI 53226. 





Special fellowship in cardiac surgery available January 1, 
1980. 


Please respond to Floyd D. Loop, M.D., Department of 
Thoracic and Cardiovascular Surgery, Cleveland Clinic 
Foundation, 9500 Euclid Ave, Cleveland, OH 44106. 





Cardiothoracic surgeon wanted to join private cardio- 
thoracic group in Ohio. 


Send curriculum vitae to Norman H. Baker, M.D., 931 
Chatham Lane, Columbus, OH 43221. 





Thoracic and cardiovascular surgeon wanted to join busy 
Midwest practice. University affiliated, limited to thoracic, 
vascular, and cardiac surgery. Board eligibility or certifica- 
tion required. Unusual opportunity for young, aggressive 
surgeon. 


Please send curriculum vitae to A-133, The Annals of 
Thoracic Surgery, C-7079 University Hospital, Ann Arbor, 
MI 48109. 





For sale: 20-year, well-established general thoracic surgical 
practice in Miami, FL. Immediately available. Florida 
license necessary. 


Please respond to A-135, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





MEETING ANNOUNCEMENTS 





Symposium on Unstable Angina, Pathophysiology, Diag- 
nosis, and Management will be held in Toronto, Ont, 
Canada, Nov 9-10, 1979. 


Please direct inquiries to: Bernard S. Goldman, M.D., Room 
128, University Wing, Toronto General Hospital, Toronto, 
Ont, Canada M5G 1U7. 





1979 Postgraduate Course 
Available on Cassettes 


Tapes of the 13th Postgraduate Course are 
available through The Society of Thoracic Sur- 
geons. The complete course, recorded on 6 cas- 
settes with a book of abstracts covering the pre- 
sentations and a self-assessment examination, 
costs $50.00. The Postgraduate Program was 
published in the November issue of The Annals 
(26:489, 1978). To order the cassette package, 
send a check, payable to The Society of Thoracic 
Surgeons, to The Society of Thoracic Surgeons, 
111 East Wacker Dr, Chicago, IL 60701. 





Just published! 


the 8th edition of a cardiac classic 
Nomenclature and Criteria for 
Diagnosis of Diseases of the 


Heart and Great Vessels 


By the Criteria Committee of the 
New York Heart Association 


Revised in light of the newest knowledge on cardiol- 
ogy for its eighth edition, this definitive reference con- 
tains information of inestimable value in understand- 
ing heart disease. The patient's overall cardiac status 
and prognosis is described in terms of the most current 
diagnostic techniques. NOMENCLATURE AND CRITERIA 
helps you to assess accurately each individual patient 
based on etiologic, anatomic, and physiologic diag- 
nosis. Acomprehensive appendix includes an analysis 
of plain chest roentgenograms as used in heart dis- 
ease diagnosis and extensive 
electrocardiographic tables. 
Well illustrated with excellent 
electrocardiographs and fully 
indexed, this eighth edition 
maintains the high standards of 
quality set by its predecessors. 
349 pages illustrated 

Cloth, #605360, $13.95 


Paper, #605379, $9.95 
Order today from 


Little, Brown and Company 
Medical Division, 34 Beacon Street 
Boston, Massachusetts 02106 
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The CyberLith. 


A remarkable new multi-programmable 
pacing system. 





When Thomas Edison wed his incandescent lamp to 
a practical electrical distribution network, he 
created a lighting system that was to revolutionize 
the way man lived. 

Intermedics took its cue from the 
scientific genius of men like Edison and 
became the first pacemaker manufacturer 
to offer an unprecedented range of pro- 
grammable pacemaker functions in a total, 
fail-safe, heart pacing system. 

The multi-programmable CyberLith system. 









The CyberLith 
provides unprecedented 
control of heart pacing therapy. 


Always maintaining a close relationship with its cus- 
tomers, Intermedics was quick to realize that physicians 
were demanding greater control in their use of multi- 
programmable pacemakers. Control that would enable 
them to respond precisely to their patients' problems. 
Now, the CyberLith System puts that control in your 
hands. Our CyberLith (Model 253-05) gives you: 


—L * Versatility, with 15 pacing rates ranging from 20 to 120 ppm. 
! ID * Flexibility, with 15 pulse widths varying from 0.15 to 2.29 msec. 
* Responsiveness, with 7 sensitivity levels. 
* Adaptability, with three operating modes—R-wave inhibited 
(demand), asynchronous (fixed rate), or R-wave synchronous 
(demand). 


Fail-safe programming ensures 
system control. 


This unparalleled range of programmable features is 
made possible by custom CMOS (complementary metal- 
oxide-semiconductor) integrated circuitry, recognized for 
its high reliability and low power consumption. 

CyberLith functions may be programmed individually 
or in combination, using a battery-powered portable Pro- 
grammer. Reprogramming is automatically confirmed, 
and an advanced fail-safe feature guards against acciden- 
tal reprogramming. 





i 


Contact your Intermedics Representative for additional 
information on the many other advantages of our multi- 
programmable CyberLith Pacing System. 

At Intermedics, we are producing tomorrow’s 


technology today, because OUR BUSINESS IS LIFE. 
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The Thomas Edison original water color is the third in a 


series by artist Ron Adair, commissioned by Intermedics. 


A limited-edition print, numbered and signed by the 
artist, is available to physicians only from Intermedics. 
To obtain your print, please write to Marketing Admin- 
istration, Intermedics, Inc., P.O. Box 617, Freeport, 
Texas 77541. 


NOTE: The CyberLith is currently undergoing clinical evaluation and is not routinely 





available on a commercial basis. 


©lntermedics, Inc., June 1979. 


" IM 
CyberLith ` is a trademark of Intermedics, Inc. 





INDICATIONS FOR USE Implantable cardiac pulse generators 
may be indicated for long-term treatment of impulse formation or 
conduction disorders resulting in symptomatic bradyarrhythmias, 
tachyarrhythmias, and heart block unresponsive to drug therapy. 


PRECAUTIONS Implanted pacemakers have a finite and 

variable service life as a result of factors such as the initial capacity 

of the battery and the shelf storage time of the manufactured pace- 
maker; variations in electrode system resistances, stimulation rate, and 
the percentage of time the implanted pacemaker is inhibited; and ran- 
dom electronic component failures. 

Pacemaker operation can be influenced by electric, magnetic, or elec- 
tromagnetic energy mimicking normal cardiac activity. In addition, cer- 
tain environmental sources can couple sufficient energy into a pace- 
maker system to damage the pulse generator. Specifically, diathermy 
should not be used on pacemaker patients because of possible total inhi- 
bition of the pulse generator; electrocautery can inhibit and/or damage 
the pacemaker as well as cause burns or possible ventricular fibrillation; 
defibrillation can damage the pacemaker, and the presence of the pace- 
maker may cause increased cardiac muscle damage from defibrillation. 
Microwave ovens that do not exceed federal guidelines for leakage (0.5 
W/cm? at 2.5 cm from the appliance) will not affect the pacemaker, but 
leakage in excess of that amount may cause interference. Certain elec- 
trical and gasoline-powered appliances can cause inhibition of an 
implanted cardiac pacemaker system. 

For complete precautions, see the Physician’s Manual for the 
Intermedics cardiac pulse generator to be used. 


CONTRAINDICATIONS AND SIDE EFFECTS There are no 
known contraindications to the use of pacemakers as a medical method 
for control of heart rate. Body rejection phenomena, local tissue reac- 
tion or skin necrosis, muscle and nerve stimulation, embolism, and car- 
diac tamponade have been reported. 


W Intermedics lnc. 


P.O. Box 617 Freeport, Texas 77541 
Tel: (713) 233-8611 
Toll free: 1-800-231-2330 


Our business is life. 
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antiseptic can cause serious pro | 
why scrubbing and prepping leave no room for 
compromise with the quality of an antiseptic. 
A small difference in cost is not worth the risk. 


Just one pathogen species miss 


BETADINE Microbicides promptly kill 
ram-positive and gram-negative bacteria, 

ungi, viruses, protozoa and yeasts. 

BETADINE Microbicides have been 
documented specifically by: name—and in the 
same formulations you employ in practice— 
in over 650 published reports encompassing 
thousands of clinical procedures. 

BETADINE Microbicides were also chosen 
by NASA for disinfection procedures in Apollo 
splashdowns and in the Skylab mission; 


_____ BETADINE Surgical Scrub*—for surgical 
scrubbing and patient degerming. 


— — BETADINE Solution or BETADINE 
Aerosol Spray—for patient prepping and 
postoperative antisepsis on incisions. 





Uncompromising “= 
antisepsis for scrubb 
and prepping 










*In the rare instances of local irritation or sensitivity, 


discontinue use by the individual. 


Purdue Frederick 


©Copyright 1979, The Purdue Frederick Company/Norwalk, CT 06856 


. A9458 


214679 


MHIE ANNALS OF 
FHORACIC SURGERY 


Jolume 28 Number 3 September 1979 





l'wenty-sixth Annual Meeting of the 
southern Thoracic Surgical Association 
November 1—3, 1979 . 

Tilton Palacio Del Rio Hotel 

xan Antonio, TX 


sixteenth Annual Meeting of 

Fhe Society of Thoracic Surgeons 
anuary 21-23, 1980 

4tlantic Hilton Hotel 

4tlanta, GA 





Another consistent performance by both 

he open heart team and the Shiley 100 A 
oxygenator which has proven itself to be a hard 
act to follow. Heat exchanger performance 
actor as high as 0.7. Blood flow range 1 to 6 
Iters per minute. Gas to blood flow ratio 0.6 to 
0:1. For in-vitro and clinical results, see your 
>Niley Representative or call: 


Shiley, Inc 


PSE 


n integral member of the open heart team 





You know there is continual development in 
cardiovascular surgery...some changes 
undreamed of just a few years ago. You’re 
part of it. And we're part of it, bringing to you 
better instruments for today’s (and 
tomorrow’s) surgical techniques. 


Many of the more recently developed 
instruments have been gathered together 
in Volume One of V. Mueller’s Armarium 
for Cardiovascular Surgery. 


Call our toll-free number today: 800/323-4382 
for your free copy. (In Illinois, call collect: 
312/774-6800.) Helping you toward 

tomorrow —today. 
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Roche 
AVEO P3P 


P 
e ruise 
2 Forless complicated open heart 
" surgery and faster recovery... 
provides counter pulsation or 
pulsatile flow perfusion during 
cardiopulmonary bypass 


The Double-Chamber Pump: (1) Unique design 
precludes accidental introduction of air into 
the system. (2) Made with Avcothane® the most 
widely used, high quality balloon material. (3) 
Increases pumping efficiency and avoids 
problems of leakage. 


Roche Medical Electronics, Inc. 
Cranbury, New Jersey 08512 
(609) 448-1200 
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Cardiac Transplantation 1979 
Charles P. Bieber, M.D., and Norman E. Shumway, M.D. 


Palliation of Esophageal Carcinoma 
W. Spencer Payne, M.D. 


Pulmonary Artery Sling 
Aldo R. Castaneda, M.D. 


Improved Immunosuppression for Cardiac Transplantation: 
Immune Monitoring and Individualized Modulation 

of Recipient Immunity by In Vitro Testing 

F. T. Thomas, M.D., S. S. Szentpetery, M.D., T. C. Wolfgang, M.D., 
J. E. Quinn, M.D., J. Thomas, Ph.D., and R. R. Lower, M.D. 


Palliation of Esophageal Carcinoma with Intraluminal Tubes: 
Experience with 30 Patients 

John R. Hankins, M.D., Fred N. Cole, M.D., Safuh Attar, M.D., 
John R. Satterfield, M.D., and Joseph S. McLaughlin, M.D. 


Early and Late Results of Surgical Correction of Pulmonary Artery Sling 
J. M. Dunn, M.D., I. Gordon, M.D., A. R. Chrispin, M.D., 
M. R. de Leval, M.D., and J. Stark, M.D. 


Late Right Heart Reconstruction following Repair of Tetralogy of Fallot 
D. Craig Miller, M.D., Stephen J. Rossiter, M.D., Edward B. Stinson, M.D., 
Philip E. Oyer, M.D., Bruce A. Reitz, M.D., and Norman E. Shumway, M.D. 


Thymoma: A Continuing Survey at the Massachusetts General Hospital 
Earle W. Wilkins, Jr., M.D., and Benjamin Castleman, M.D. 


The Role of Thymectomy in Red Cell Aplasia 
John V. Zeok, M.D., Edward P. Todd, M.D., Ph.D., Marcus Dillon, M.D., 
Philip DeSimone, M.D., and Joe R. Utley, M.D. 


Does Pulsatile Flow Influence the Incidence of Postoperative Hypertension? 
R. W. Landymore, M.D., D. A. Murphy, M.D., C. E. Kinley, M.D., 

J. C. Parrott, M.D., E. A. Moffitt, M.D., W. J. Longley, M.D., 

and A. A. Qirbi, M.D. 
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PROXIMATE 


DISPOSABLE ‘ SKN SIAPLER 


ETHICON 


Faster, easier approximation. 
Consistent, reliable skin coaptation. 


Faster approximation 
superior cosmetic results 


Excellent control, improved accuracy 

The PROXIMATE disposable skin stapler is a fast, simple closing 
device that can reduce operating time and provide excellent 
cosmetic results. This instrument is designed to fit your hand for 
comfortable, easy use. Smooth trigger action with less firing force 
and flexible work angle provide excellent control and accuracy. 
Minimal trauma, staples removed easily 

The PROXIMATE stapler forms virtually inert rectangular-shaped 
stainless steel staples. Wound edges are held together by the 
staple’s legs. Tissue reaction and trauma are minimal. Wider 
crowns keep the staples upright, minimizing rotation, easing 
removal. 

Staple counts and sizes for all closing needs 

PROXIMATE products are available with regular and wide staples 
in counts of 15, 35, and 55 to meet closing needs for short, 
medium, and long incisions. 


Touch skin lightly using centerline 
indicator to ensure equidistant staple 
placement across the incision. 

Fire, release completely, and with- 
draw instrument with backward 
*Trademark ©ETHICON, INC. 1979 motion. 





EIHICON 


Innovators in wound closure 


PROXIMATE staplers have been 
proven 99% reliable in actual use.** 
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Ample space between staple crown Extractor designed for easy removal 

and skin surface minimizes cross- of staples. Simply position jaws 

hatching and eases staple extrac- beneath staple span, squeeze 

tion. Properly placed staples handles until fully closed, and lift 

provide accurate apposition with staple. **Based on data on file at ETHICON, INC. 
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Free house calls. 


We'll give your patients regularly scheduled EKGs at no cost to you, when you 
use Intermedics’ Trace-A-Pace™ pacemaker monitoring service. 

A service that includes our providing you with a Trace-A-Pace transmitter for 
your patient. 

The transmitter lets your patient use his home telephone, toll free, to send 
EKG tracings according to your schedule to our Trace-A-Pace service. 

A service directed by an M.D., and staffed by Registered Nurses with coronary 
care experience. 

y Professionals who will call you immediately if any problem is detected. Other- 
wise, each routine tracing is forwarded to you for checking. 

But you have another choice. If you 
prefer, Intermedics can help you establish 
your own monitoring service. We'll help 
you install the recording equipment right 
in your own office. 

Either way, we even provide a very 
simple but comprehensive patient booklet 
entitled “House Calls,” to make the moni- 
toring system easily understood. 

Helping you monitor your patients helps us 
develop even more advanced, reliable pacemakers. ' 

In fact, some of our 
newest pacemaker mod- 
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circuit for telemetry 
transmission. Our EKG/ 
Telemetry transmitter 
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EKG recordings to our 
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So while the EKG tells you about the patient's condition the telemetry can 
provide more precise information about the pacemaker's condition. 

Contact your Intermedics Representative, or write and let us tell you more 
about our Trace-A-Pace service. The service behind every Intermedics pacemaker 
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EDITORIALS 


Cardiac Transplantation 1979 


Charles P. Bieber, M.D., and Norman E. Shumway, M.D. 


After a decade of experience with cardiac trans- 
plantation, the most encouraging aspect of this 
procedure is the current survival of numerous 
recipients who have been rehabilitated for up 
to nine years following operation. Although all 
of these recipients are on a regimen of oral ste- 
roid and antimetabolic agents, many are main- 
tained on doses low enough to avoid serious 
side-effects. Admittedly, the number of re- 
habilitated patients is small relative to the total 
number of cardiac transplants performed. 
However, it is our experience as well as that of 
the Richmond group (this issue, p 212) that the 
use of potent immunosuppressive agents such 
as rabbit antithymocyte globulin (RATG), 
coupled with careful postoperative monitoring 
of immunological and cardiac histological 
status, has resulted in improved patient survi- 
val during the past few years. 

Although the cardiac transplantation pro- 
grams of the Stanford and Richmond groups 
have evolved separately, the postoperative 
management of recipients is remarkably simi- 
lar. Both programs use RATG as a primary im- 
munosuppressive agent and both rely on the 
measurement of peripheral blood T-lymphocyte 
levels to signify RATG in vivo effect and to 
modulate its subsequent administration. Be- 
tween 1973 and 1978, the RATG used by both 
groups was prepared in a similar fashion. Cur- 
rently, however, we are using an RATG pre- 
pared for intravenous use. Patients receive this 
preparation intravenously on postoperative 
days 0, 2, 4, 6, 8, 10, and 12 and intramuscularly 
on postoperative days -1, 1, 3, 5, 7, 9, 11, and 
13. The rationale for alternating routes of ad- 
ministration is related to differences in uptake. 
Intramuscularly administered RATG is ab- 
sorbed by obligatory passage through the re- 


gional lymphatics before reaching the blood- 


stream, whereas intravenously administered 


From the Department of Cardiovascular Surgery, Stanford 
University School of Medicine, Stanford, CA 94305. 


RATG, while effective at reducing periph- 
eral blood T-lymphocyte levels, may not 
exert a direct effect upon solid lymphoid tissue 
[3, 4]. Since the initial goal of treatment with 
RATG is to produce T lymphopenia, it seems 
likely that administration by both routes most 
effectively accomplishes this end. Although it is 
too early to definitively assess the outcome of 
the initial 11 patients treated by this method in 
our series, early results indicate that 9 of 11 
have prolonged rabbit globulin (RG) serum 
clearance rates (greater than 4 days half-life) 
compared with only 23 of 88 patients in the pre- 
vious cohort in which all were treated with 
RATG given intramuscularly (p « 0.001). Pa- 
tients who eliminate RATG slowly (slow RG 
serum clearance rates) exhibit better survival 
rates than those who do not (82 versus 5996 at 
one year in 88 patients; p « 0.05), and this dif- 
ferential in survival appears related to extended 
duration of RATG effect rather than any inher- 
ent recipient tolerogenic state [1]. 

With respect to the monitoring of peripheral 
blood T-lymphocyte levels, the differences 
between the programs of the Richmond and 
Stanford groups appear very minor. Although 
no survival statistic was given, Thomas and as- 
sociates report that improvement in the immu- 
nological monitoring techniques they use has 
contributed to increased survival in their re- 
cipients. They prefer to monitor the peripheral 
blood total T-lymphocyte count and to correct 
this count for false low levels that might occur 
as a result of RATG interference with the assay. 
In contrast, we have relied predominantly on 
daily measurements of the T-lymphocyte frac- 
tion of the total lymphocyte count because of 
past studies which have yielded a 0.82 correla- 
tion coefficient between the postoperative date 
of significant T-lymphocyte recovery from 
initially depressed levels and the onset of bi- 
opsy-confirmed rejection [1]. False positive 
elevations. tof ii T-lymphocyte fraction (T- 
lym Hiocytetise without rejection) occur, how- 
every, “false § Hegatives (continued T-lymphocyte 
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depression with rejection) are rare. It is hoped 
that use of the Richmond group’s technique of 
identifying nonrosetting T-lymphocytes will 
reduce the false negative rate more. In any case, 
either monitoring technique should provide a 
sensitive method for defining those patients 
demonstrating either a slow decline of T lym- 
phocytes following RATG administration or a 
rapid recovery following termination of RATG 
therapy. Occurrence of either of these latter 
events is an indication for endomyocardial bi- 
opsy, which can provide direct evidence of the 
patient’s rejection status. 

Both the Richmond and Stanford groups have 
also attempted to predict transplantation out- 
come on the basis of preoperative in vitro as- 
says of recipient candidate immunological 
status. In the past, these assays have not been 
particularly accurate. However, their potential 
importance warrants the considerable effort 
being made toward their development. Thomas 
and colleagues report a favorable outcome of 
transplantation in 9 cardiac transplant recip- 
ients who had low phytohemagglutinin stimu- 
lation indices relative to 9 patients with higher 
test values. Our group has been unable to cor- 
roborate this finding since the results of a 
similar preoperative study of 35 cardiac trans- 
plant recipients did not correlate with either the 
postoperative time of rejection onset or survival 
at one year. Similarly, Thomas and co-workers 
were unable to corroborate an earlier study by 
Coulson and associates [2] done in our unit, 
which showed a more favorable outcome of 
transplantation in cardiac recipients assigned a 
low "score" based on the combined results of 
numerous preoperative in vitro immunological 
assays. We agree with the assessment of 
Thomas and co-workers that the scoring system 
we have used is inconsistent in its prediction of 
transplant outcome. However, further study of 


one component of the original assay panel has- 


resulted in the development of a promising 
assay predictive of recipient survival. Coulson 
and associates [2] noted in their study that 
mixed lymphocyte responses (MLR) in normal 
cell donors were depressed when carried out 
in the presence of selected serums from 
 rejection-free transplant recipients. They pos- 


tulated these patients had serological factors 
capable of suppressing immune response to 
their allografts. On the basis of this hypothesis, 


, we subsequently developed an assay that mea- 


sured the ability of recipient candidate serum 
to modify the potential of the plant lectin con- 
canavalin A to activate MLR suppressor func- 


. ion 5f normal peripheral blood mononuclear 


cells. Among 61 cardiac recipients, the 34 
whose serum appeared to enhance concanaval- 


_lin A suppressor activation more than the group 
' mean sustained a survival rate at one year of 82 


t 10%, compared with 36 + 11% survival in 
the remaining 27 patients whose suppressor 


.activation potential was less than the group 


mean (p « 0.01). Overall survival in this par- 
ticular cohort of patients was 6196 at one year. 
In addition, the results of this assay also relate 
to postoperative rejection episodes in the late 
postoperative period (more than ninety days). 
Only 8 of 28 patients who survived into the late 
postoperative period and whose serum demon- 
strated the greatest suppressor activation po- 
tential had rejection in the last postoperative 
period. In contrast, 10 of the 14 remaining pa- 
tients who survived more than three months 
had rejection in the late postoperative period 
(p « 0.01). No relationship could be observed 
between the occurrence of rejection in the early 
postoperative period and suppressor activation 
potential. These findings are consistent with 
the o»servation made by both our group and 
that cf Thomas that rejection onset in the early , 
postoperative period is a function of RATG 
metabolism. Although the time of rejection 
onset following transplantation is apparently 
not closely related to long-term graft survival, it 
is an obviously important determinant of sur- 
vival in the early postoperative period. 

Further experience with the immunosup- 
press:ve agents and monitoring techniques de- 
scribed herein quite likely will result in graft 
survival rates in the neighborhood of 8096 at 
one vear. Successful development and prospec- 
tive testing and application of the preoperative 
in vitro immunological assays described could 
improve survival even further. Thus, the out- 
look for cardiac transplantation looks bright in- 
deed. 
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Palliation of Esophageal Carcinoma 


W. Spencer Payne, M.D. 


Malignant lesions of the esophagus are en- 
countered relatively infrequently in the United 
States, and by the time the patient is seen ini- 
tially, many of these lesions have progressed 
beyond surgical control. Indeed, the rate of 
long-term cure following any of the available 
definitive treatments is so low as to suggest that 
most efforts in the management of this condi- 
tion are palliative for most patients but not 
prejudicial to cure for the few. While the indi- 
vidual surgeon’s criteria of operability and re- 
sectability vary, both in terms of technical 
feasibility and personal philosophy, all sur- 
geons attempt to define not only the patient 
who can be cured but also the patient whose 
status will permit considerable longevity in the 
presence of disease. Thus, efforts are directed to 
restoring the illusion of health and well-being 
for the duration of attainable survival. 

When performed under appropriate circum- 
stances, resection provides excellent palliation 
which can be enjoyed for many months or 
even years. Indeed, in the experience of the 
Mayo Clinic, more than 90% of patients under- 
going resection had unobstructed swallowing 
throughout their subsequent survival. 

The report by Hankins and associates in this 
issue of The Annals (p 224) addresses the prob- 
lem of surgical palliation of the symptoms of 
esophageal cancer in patients in whom cure is 
not feasible and for whom anticipated survival 
is short. Treatment in this group is aimed to 
relieve two specific problems—esophageal 
obstruction and fistulous communication with 
the respiratory tract—by inserting a permanent, 
indwelling esophageal prosthesis. The present 
study and studies conducted by my colleagues 
and me [1, 4] at the Mayo Clinic indicate that 
these goals are obtained in the majority of pa- 
tients with esophageal obstruction without 
fistula. 

After reevaluation of a variety of tubes, Han- 


From the Department of Surgery, Mayo Clinic, 200 First St, 
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kins and colleagues favor the use of the "pull" 
tube over the "push" variety, as we have long 
advocated. We prefer this type of tube not only 
because of its specific applicability to the oper- 
able but nonresectable lesion, but also because 
in our hands it has proved to be more reliable. 
The commercially available Celestin tube con- 
tinues to be our favored prosthesis. We have 
employed it successfully for esophageal ob- 
struction in more than 150 patients, with a 7- 
to 10-day hospital stay and a mortality of 1096. 
Nearly 9096 of patients maintained swallowing 
for the rest of their lives (average survival, 4.5 
months). Migration and obstruction are in- 
frequent complications when the tube is prop- 
erly seated and fixed. Contrary to the report of 
Hankins and associates, we at the Mayo Clinic 
have found palliative intubation to be equally 
effective at all thoracic esophageal levels and 
the cardia, although we have performed the 
majority of these operations for the more com- 
mon distal lesions. We agree that cervical le- 
sions are not amenable to palliation with any of 
the currently available prostheses. Proximal 
gastric lesions without annular esophageal in- 
volvement are not suitable for tube palliation in 
our experience. While one might be critical of 
the high hospital death rate reported by Han- 
kins and associates or even the 1096 mortality 
we have experienced with the Celestin tube, it 
should be apparent that the selection of patients 
for tube palliation is considerably more liberal 
than that for resection or bypass of an esoph- 
ageal lesion. 

Although most reports favor the pull over the 
push type of prosthesis, Peura and associates 
[3] described a highly satisfactory experience 
with a well-conceived, custom-made, orally in- 
serted polyvinyl prosthesis. Such a technique is 
especially applicable to the patient for whom 
operation is not contemplated. Further investi- 
gation of this approach is needed. 

Tracheoesophageal fistulas have been less 
successfully managed by prosthetic esophageal 
intubation. Even with endoscopic visualization 
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during placement, less than a third of patients 
have had satisfactory results. Alternatively, 
surgical abandonment of the thoracic 
esophagus in favor of cervical esophagostomy 
and feeding gastrostomy provides excelent 
control of respiratory complications but hardly 
restores swallowing. In patients for whom ‘his 
method is selected, the extracorporeal esoph- 
ageal prosthesis employed by Skinner and 
DeMeester [5], although not sufficiently 
studied to evaluate properly at this time, may 
with further experience or modification provide 
acceptable additional palliation. The substernal 
gastric bypass reported by Orringer and Sloan 
[2] has considerable merit for palliation of se- 
lected obstructive thoracic esophageal tumors, 
but its use in the presence of malignant 
tracheoesophageal fistula is less well defined. 
Indeed, there is serious question as to how 
aggressive surgical palliation of malignant 
tracheoesophageal fistula should be because of 
the very limited survival despite control of the 
fistula. Decisions in this area can hardly be 
made without frank discussion of the goals and 


risks of available alternatives with patients and 
their families. 

Whatever method of management is em- 
ployed in esophageal malignancy, every effort 
should be made to restore function as expedi- 
tiously as possible and return the patient to his 
normal environment so that he can enjoy the 
benefits of restored function for as long as his 
particular circumstances permit. 
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Pulmonary Artery Sling 


Aldo R. Castaneda, M.D. 


In this issue of The Annals (p 230), Dunn and 
his colleagues from the Hospital for Sick Chil- 
dren, Great Ormond Street, London, have 
demonstrated that surgical management of 
pulmonary artery sling with division of the left 
pulmonary artery and reimplantation of this 
vessel into the main pulmonary artery can be 
accomplished at an early age with low risk and 
with long-term patency of the anastomosis. 
Management of coexisting and often life- 
threatening tracheobronchial stenosis and of 
associated intracardiac defects deserves addi- 
tional comment. 

Obstruction of the distal trachea by an aber- 
rant left pulmonary artery was described in 
1897 by Glaevecke and Doehle [1]. Fifty-seven 
years later, Potts and co-workers [2] reported 
repair of this lesion. Mortality and morbidity 
rates remained high among operated and 
nonoperated patients, mostly because of asso- 
ciated anomalies of the tracheobronchial tree. 
Although there was a high incidence of throm- 
bosis at the anastomotic site, many patients 
with known occlusion of the left pulmonary ar- 
tery remained asymptomatic. Dr. Dunn and his 
colleagues must be congratulated on their out- 
standing surgical results with their 4 patients, 3 
of them infants. All survived the operation, and 
all reimplantation sites remained patent as 
demonstrated by postoperative radionuclide 
studies. This technical accomplishment gains 
additional importance when compared with a 
previously reported anastomotic occlusion rate 
of more than 5096 [3]. l 

Although I agree with the authors that the 
preferred treatment for this lesion is surgical, I 
am less certain that early elimination of the 
pulmonary artery sling leads uniformly to per- 
manent relief of the respiratory obstruction. 
Hypoplasia of the distal trachea and right main 
bronchus is not infrequently associated with 
complete cartilaginous rings. Often, but not in- 
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variably, the tracheobronchial stenosis is im- 
mediately adjacent to the posteriorly running 
left pulmonary artery. However, several cases 
of stenosis of the left main bronchus have been 
observed in which the anomalous vessel did 
not pass closely enough to produce local com- 
pression and in several other instances (in- 
cluding a patient seen at Children’s Hospital 
Medical Center) the tracheal stenosis extended 
for a considerable distance proximal to the re- 
gion of the anomalous vessel. In others, the 
obstructed airway to the right lung was 
supplied by a bronchus suis arising above the 
left pulmonary artery. Thus, the anomalous left 
pulmonary artery may not be the only cause of 
tracheobronchial obstruction. 

Since respiratory distress is the principal in- 
dication for operation and because early and 
late postoperative mortality and morbidity are 
almost exclusively related to the tracheobron- 
chial involvement, I insist on preoperative 
bronchoscopy and bronchography. In a few 
instances tracheobronchial resection with 
reanastomosis has been necessary. One of the 4 
patients operated at Children’s Hospital Medi- 
cal Center required resection and reanas- 
tomosis of a long segment of tracheal stenosis 
nine months after repair of the pulmonary ar- 
tery sling. 

I agree with Dunn and co-workers that diag- 
nosis of pulmonary artery sling can bé made 
with a high degree of confidence with an 
esophagogram alone. Nevertheless, I prefer to 
confirm the diagnosis with a selective pulmo- 
nary arteriogram. Cardiac catherization is 
justifiable in this group of patients since ap- 
proximately 50% have additional congenital 
cardiac defects, including a left superior vena 
cava, atrial and ventricular septal defects, pa- 
tent ductus arteriosus, and even more complex 
lesions such as tetralogy of Fallot. In addition to 
reimplantation of the left pulmonary artery, 2 of 
our 4 patients required closure of both a ven- 
tricular septal defect and a large atrial septal 
defezt. 
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The value of early repair of pulmonary ar-ery 
sling by division of the anomalous art=ry, 
meticulous end-to-side reimplantation into the 
main pulmonary artery, and division of either a 
patent ductus or a ligamentum arteriosum was 
beautifully demonstrated by Dunn and his as- 
sociates. Management of the more complex 
forms of pulmonary artery sling, particulzr.y 
when associated with severe segmental or ex- 
tensive obstruction of the tracheobroncaial 
tree, remains a challenging surgical prob.em 
that occasionally requires resection with re- 
anastomosis of the trachea or right main bson- 


chus. Coexisting intracardiac defects should 
be repaired together with repair of the pul- 
monary artery sling. 
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ABSTRACT These studies demonstrate that im- 
mune monitoring and individualized modulation 
of recipient immune reactivity using a quality- 
controlled preparation of rabbit antithymocyte glob- 
ulin can improve results of cardiac transplantation. 
The most valuable assay in individualizing drug 
doses was the serial measurement of T-cell levels 
using a complete lymphocyte profile technique and 
monitoring with phytohemagglutinin to rule out 
false low T-cell levels. Using this system, the inci- 
dence and severity of early rejections were markedly 
reduced and no grafts were lost to rejection in the 
- first month. The recent first-year graft survival has 
been about 6096, an improvement largely related to a 
reduction in early rejection and infection. This tech- 
nique of immunosuppression appears quite prom- 
ising for improving the results of future cardiac 
transplantations. 


^ 


Since the advent of clinical cardiac transplanta- 
tion 10 years ago, it has been recognized that 
the major limitation to a more widespread and 
more successful application of this technique is 
inadequate immunosuppression. Current im- 
munosuppressive modalities are lacking in 
"potency" or capability to effectively suppress 
the immune response to prevent rejection of 
many grafted organs. These agents also are 
lacking in specificity of action and induce a 
nonspecific host immunoincompetence. This 
results in susceptibility of the recipient to a 
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myriad of commonplace and unusual infectious 
ager:ts. 

Recently, observations from both renal and 
cardiac transplant recipients have indicated 
that immune monitoring and individualized 
modulation of recipient immune reactivity 
might be preferable to conventional im- 
munosuppression using stereotyped drug- 
dosage scheduling [34, 35, 38]. In addition, it 
has become apparent that immune monitoring 
might provide valuable insights into mecha- 
nisms of graft rejection and facilitation [47]. 
This report describes our 5-year experience 
with a wide variety of immune-monitoring 
techniques in 20 cardiac transplant recipients. 


Materials and Methods 

Cardiac transplantation has been performed at 
our institution since 1968. The results were 
summarized in 1976 [18]. The techniques em- 
ployed are similar to those used previously in 
other units with two major exceptions. Since 
May, 1977, we have utilized a system of long- 
distance transportation of hearts excised at 
hospitals in the eastern part of the United States 
and transported by jet to Richmond for trans- 
plantation [33, 40]. All 14 donor hearts obtained 
by this technique to date had satisfactory 
hemodynamic performance in the period im- 
mediately after transplantation. Since 1973, we 
have used immunological monitoring and indi- 
vidualized immunosuppression focused primar- 
ily on a quality-controlled rabbit antithy- 
mocyte globulin (ATG) described previously 
by us [36, 44, 46] and tested extensively in 
renal transplant recipients, primates receiving 
skin grafts [1, 45, 46, 48], and human volunteers 
given skin grafts [17]. The ATG preparation is 
mace in rabbits and undergoes eight quality- 
control standard tests before it is released for 
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clinical use. It is administered intramuscularly 
with 600 mg of aspirin to reduce thrombogenic 
potential [43]. 

.. We deviated from our ordinary techniques 
for 1 patient who received a heterotopic trans- 
plant according to the technique of Barnard [2]. 
In addition, 5 patients were given blood trans- 
fusions before transplantation because of recent 
clinical [21] and experimental [19] evidence that 
transfusions improve graft survival. 

Rejection was diagnosed principally by stan- 
dard clinical criteria, falls of 20% or so iri the 
total electrocardiographic voltage, and other 
ECG abnormalities. If the diagnosis was in 
doubt, endomyocardial biopsy was performed 
according to the technique of Caves and as- 
sociates [6]. Postmortem examinations were 
performed on all patients who died, and the 
rejection diagnoses were considered to be ex- 
cellent in these patients. In 4 recipients, infil- 
trating cells were removed from the heart post- 
mortem and studied by in vitro techniques 
previously described [39]. 

Immunological monitoring was performed by 
in vitro techniques previously described [29, 
32, 34]. In short, recipient lymphocytes were 
isolated by a Ficoll-Hypaque (diatrizoate) gra- 
dient. The lymphocytes were then reacted in 
the tests to be described. In the donor-specific 
monitoring assays in which recipient reactivity 
to donor cells was monitored, the donor cells 
were obtained from the peripheral blood, 
spleen, and lymph nodes at the time of donor 
cardiectomy. They then were separated and 
cryopreserved in liquid nitrogen using a 10% 
dimethyl sulfoxide solution and a controlled 
freezing rate at 1°C per minute. At the time of 
assay, the cells were warmed to room tempera- 
ture and washed in RPMI-1640 media three 
times to remove the solution. | ` 

The tests performed were as follows: (1) T-cell 
levels were measured by the Bentwich [3] mod- 
ification of the Jondall-Wigzell assay using 
sheep cell rosettes. Total circulating T cells were 
calculated by multiplying the white cell count 
times the percent of lymphocytes times the per- 
cent of E-rosettes. The white cell count and dif- 
ferential cell count were always performed in a 
laboratory studying only transplant patients 
and having a high level of quality control. (2) B 


cell levels were measured by the vital surface 
immunoglobulin assay of Rabellino and co- 
workers [23] or by the EAC-rosette assay of 
Bianco and associates [4]. There was an excel- 
lent correlation (r = 0.86) between these two 
assays. (3) The percent of ATG-coated circulat- 
ing cells was determined using Bio-Rad glass 
beads coated with a goat antirabbit globulin. 
The cells coated with rabbit ATG form rosettes 
with the glass beads and are easily identifiable 
[45]. (4) T-cell reactivity was measured by in- 
cubating isolated peripheral blood lymphocytes 
with the T-cell mitogens phytohemagglutinin 
(PHA) and concanavalin A (Con-A) in varying 
dilutions in cultured medium RPMI-1640 con- 
taining penicillin, streptomycin, and 20% 
pooled normal human serum. Cells were cul- 
tured for 72 hours and then pulsed with 
tritiated thymidine for 18 hours. The data were 
recorded as the peak incorporation of ?H 
thymidine, i.e., maximum counts per minute 
on the radioactive counter at any mitogen dilu- 
tion, and were referred to as the PHA blas- 
togenesis or Con-A blastogenesis. (5) B cell 
reactivity was measured by culturing purified 
peripheral lymphocytes with a protein extract 
of the Cowan Staphylococcus A strain. Three 
dilutions of this mitogen are used. After 5 days 
of culture, the cells were pulsed with tritiated 
thymidine and the maximum blastogenesis was 

determined. (6) Spontaneous blastogenesis was 
measured by culturing the lymphocytes in 
medium alone. (7) "K" cell cytotoxic effector 
activity was measured by adding recipient ef- 
fector lymphocytes to 1 x 10* chromium-51 
labeled, antibody coated target cells at various 
effector to target ratios from 50:1 to 5:1. The 
target cells used are the cultured human B lym- 
phoblast line Raji, which are coated with a 
1:1,000 dilution of rabbit ATG. Controls in- 
clude uncoated target cells incubated alone, 
ATG-coated target cells incubated alone, and 
uncoated target cells incubated with effector 
lymphocytes. The percent specific cytolysis is 
calculated by the Brunner equation as follows: 
% SC = ([E-S]/[M-S] x 100) — control lysis 
where SC = specific cytolysis, E = experi- 
mental counts, S — spontaneous release, and 
M = maximum release in a:196 detergent solu- 
tion. (8) Mixed lymphocyte culture (MLC) was 
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performed according to a variation of the tech- 
nique of Hartzman and associates [12]. The 
major variation is the use of irradiated donor 
cells instead of mitomycin-treated cells. Briefly, 
donor cells are x-irradiated with 2,400 rads and 
then incubated with recipient cells in a 1:1 ratio 
' for 4 days. The cultures are pulsed with 2 Ci of 
tritiated thymidine and harvested 18 hours 
later. The results are expressed as a stimulation 
ratio which is the ratio of counts per minute of 
*H thymidine in the culture stimulated with 
allogeneic cells to the counts per minute in 
the control culture stimulated. with autologous 
cells. | 

Cell-mediated lympholysis (CML or in vitro 
generation of cytotoxic T effector cells) is per- 
formed according to the microplate technique 
of Hirschberg and co-workers [13]. Initially, re- 
cipient lymphocytes and irradiated donor lym- 
phocytes are cultured for 6 days at 37°C using a 
stimulator (donor) to responder (recipient) ratio 
of 1:1 (2 x 10? cells). Target cells are stimulated 
for 6 days with PHA and labeled for 1 hour with 
*!Cr (New England Nuclear). After 6 days, the 
effector cells are washed and incubated with 
target cells at 37°C. The supernatants are har- 
vested and counted for released *’Cr and 
the results calculated as percent specific cytol- 
ysis. Direct lymphocyte-mediated cytotoxicity, 
which we refer to as LMC, was performed with 
freshly drawn peripheral blood lymphocytes 
as effectors. The LMC test measures in vivo 
primed cytotoxic T-lymphocyte activity in con- 
trast to the CML test which measures in vitro 
primed cytotoxic activity from effector T-cell 
precursors. 

Techniques for individualized monitoring 
and modulation have undergone several mod- 
ifications in our unit during the past 5 years. In 
1975, we reported the first experience with a 
group of recipients treated by individualized 
modulation [44]. Subsequently, experience 
with both renal and cardiac recipients led to 
modifications of individualized modulation 
techniques [31, 37, 38]. Currently, there are 
three indications for modulation of recipient 
immune reactivity using a standardized rabbit 
ATG preparation in cardiac transplant recip- 
ients: (1) T-cell levels that are more than 100 
cells/mm?; (2) PHA reactivity more than 30% of 


controls; (3) "K" cell cytotoxicity levels greater 
than 1096 specific cytolysis. As noted, the level 
of rabbit ATG-coated cells is monitored in ad- 
dition to the sheep RBC rosetting T-cells. Both 
figures are summated and if the combined 
value shows a total circulating T-cell level 
greater than 150 cells/lmm?, additional ATG is 
given. The ATG dose varies according to the 
level of these factors but is usually 100 mg a 
day. Modulation is generally performed for 2 
months after transplantation but can be ex- 
tended to 3 months if there is a clinical suspi- 
cion of impending rejection at the end of the 
second month. 


Results 

Of the 22 patients available for analysis, 2 were 
eliminated. One had a sudden arrhythmia and 
died on the third postoperative day while un- 
dergoing an uncomplicated recovery and the 
other arrested 7 hours postoperatively when his 
pacemaker inadvertently disconnected and he 
suffered brain death. A patient with a 
heterotopic heart transplant in whom multiple 
complications developed and for whom im- 
munosuppression deliberately was curtailed 
survived into the second month despite rejec- 
tion of the heterotopic heart. Because this pa- 
tient provided useful correlates of rejection, he 
was included in the analysis. 

Figure 1 shows the distribution of rejection 
crises. Of the 20 patients analyzed, 11 (5596) 
had acute rejection crises in the first month, 
and 4 (2096), in the second month. No acute re- 
jections were seen in the third, fourth, and 
sixth months, but there was 1 crisis in the fifth 
month. The distribution of rejection crises is 
analogous to most distribution charts for acute 
rejection crises, with a heavy concentration of 
the rejection activity in the first and second 
months after transplantation. The incidence of 
acute rejection is somewhat lower than that re- 
ported by other cardiac transplant groups [10]. 

There was a correlation between acute rejec- 
tion crises in the first month and the total T-cell 
levels. Of 11 patients having an acute rejection 
crisis, 9 had T-cell levels greater than 100/mm? 
while 2 had levels less than 100/mm?. In con- 
trast, among 9 patients who did not experience 
rejection, only 1 had T-cell levels greater than 
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Fig 1. Incidence of acute cardiac rejection in the moni- 
tored and modulated recipient group. 
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Fig 2. Spontaneous blastogenesis and acute cardiac re- 
jection. Values for patients without rejection were taken 
at time-equivalence with values for those with rejection. 
(c.p.m. = counts per minute.) 


100/mm? while 8 had levels less than 100/mm*. 
These differences are statistically significant (p 
< 0.05). 

There was no correlation between E-rosette 


levels (percent circulating T cells) and acute car- 


diac rejection. Of all patients having acute re- 
jection, 7 had E-rosette levels greater than 10% 
and 4 had levels less than 10%. Of 9 patients 
having no rejection, 5 had E-rosette levels 
greater than 10% and 4 had levels less than 
10%. These differences are not statistically sig- 
nificant. 


Figure 2 shows the relationship of levels of 
spontaneous blastogenesis during the first and 
second months: after transplantation in recip- 
ients with acute rejection crises and recipients 
without rejection taken at an equivalent time 
period. The mean time of onset of the 11 rejec- 
tions in the first month was 14.3 days while the 
mean time-equivalence of the 4 in the second 
month was 33.3 days. Recipients who did not 
reject the transplant were, therefore, recorded 
as the spontaneous blastogenesis level at 14.3 
days for the 9 patients having no first-month 
rejections and 33.3 days for the 16 patients 
having no second-month rejections. Ther value 
of 0.126 indicates a lack of correlation of spon- 
taneous blastogenesis and rejection during 
either the first or second month after trans- 
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Fig 3. Acute cardiac rejection in a recipient with low 
percentage of T cells, high percentage of antithymocyte 
globulin (ATG)~coated cells, and high phyto- 
hemagglutinin (PHA) reactivity. (c.p.m. = counts 

per minute.) 


plantation. Attempts were made to analyze 
these data by other techniques but they also 
failed to show a significant correlation. Our 
conclusion is that levels of spontaneous blas- 
togenesis do not correlate with first- or 
second-month acute rejection crises. 

Mixed lymphocyte culture values in the pe- 
riod after transplantation showed no correlation 
with acute rejection crises (p > 0.10). Further- 
more, analysis of MLC and acute rejection was 
tried using the "rejection index" scoring as 
suggested by Coulson and associates [7], but 
this also failed to demonstrate a statistically 
significant correlation. In our experience, 
therefore, monitoring of MLC responsiveness is 
not a useful technique in cardiac transplanta- 
tion. 

The relationship between anti-donor LMC 
and acute rejection was as follows: Of the 13 
patients with a rejection episode that was 
studied, only 4 (3196) had a positive LMC 
(greater than 10% specific cytolysis [p  0.10]). 
Of the 9 patients who did not experience rejec- 
tion, only 1 had a positive.LMC. However, 
acute rejection did not develop in this patient; 
this test exhibited one of the lowest rates of 
false positives of any of the assays studied. The 
low rate of positive LMC assays before rejec- 


pei PHA REACTIVITY 


ATR-COATED CELLS 





(cOT x "u'd*2) ALIAILOV3N VHd 


tion, however, limits the value of this test in 
predicting rejection, as indicated by the lack of 
statistical differences between the two groups. 
In addition, the mean time of appearance of a 
positive LMC and the onset of clinical rejection 
was less than 1 day; the test did not provide 
early warning of an impending rejection. 

Figure 3 shows the in vivo and in vitro corre- 
lates in 1 of the 2 patients who had an acute 
rejection crisis with recorded T-cell levels below 
100/mm?. T-cell levels, as measured by the E- 
rosette assay, were low, and the percent of 
ATG-coated cells, measured by the antirabbit 
glcbulin rosette assay, were quite high. In ad- 
dition, the PHA blastogenesis, which generally 
falls to a level similar to the T-cell fall, remained 
at about 8096 of normal. This suggests that a 
false low T-cell level may have been recorded in 
this patient due to ATG coating of the cell and 
inhibition of sheep cell rosetting [8]. An alter- 
native explanation for acute rejection in the face 
of low T-cell levels in this patient is that the few 
remaining T cells were highly reactive and, 
though small in number, were capable of 
mounting an acute rejection crisis. 

Figure 4 illustrates some in vitro and in vivo 
correlates in the second recipient with acute 
rejection in the presence of low T-cell levels. As 
noted, this recipient had a high level of K-cell 
cytotoxicity, which is generally reduced to a 
much lower level by ATG, as described pre- 
vicusly by our group [41]. This patient also 
had donor-specific lymphocyte-dependent anti- 
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Fig 4. Rejection in cardiac recipient with low T-cell 
cytotoxicity and high antibody-dependent cellular 
cytotoxity (ADCC). 


body in his serum, so antibody-dependent 
cellular cytotoxicity could account for the acute 
rejection. These two examples illustrate the im- 
portance of measuring other immune factors in 
addition to T-cell levels during the period after 
cardiac transplantation. 

The results of the immune monitoring assays 
before transplantation yielded some significant 
results also. Recipient response to donor in 
MLC allowed the characterization of donor- 
recipient MLC reactivity into "low stimulation 
indices" (less than 36 in 9 patients) and "high 
responders" (more than 36 in 9 patients). A 
stimulation index of 36 represented the median 
response. Two patients had unsatisfactory MLC 
tests. There was no difference in rejection rate 


Fig 5. Variability in immune reactivity of 2 keart recip- 
ients following similar suppressive therapy. (| = ATG 
administration in Patient D. G.; * = ATG administra- 
tion in Patient J. 5.) 
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between the high and low MLC responders. 
However, recipient response in CML to donor 
(in vitro generation of cytotoxic effector cells) 
showed a significant correlation (p < 0.05) with 
the incidence of first- and second-month rejec- 
tions. The results suggest that future improve- 
ments in tissue typing assays to permit the 
rapid determination of CML-incompatible 
donor-recipient pairs may reduce the incidence 
of acute rejection in the early period after trans- 
plantation since high donor-specific CML re- 
sponses did correlate with the subsequent de- 
velopment of acute rejection. 

All recipients were tested for PHA and Con-A 
blastogenesis before transplantation. Using a 
summed PHA Con-A blastogenesis score, it 
was possible to separate the recipients into two 
groups of 9 patients each (2 patients showed 
statistical overlap between the two groups). Of 
the 9 recipients classified as high responders by 
in vitro T-cell testing, all had acute rejection 
crises during the first or second months after 
transplantation. Of the 9 patients classified as 
low responders, 7 had no acute rejection crises 
and only 2 had rejection crises. The differences 
between the high and low responders were sig- 
nificant (p « 0.05). 

I-cell levels before transplantation, spon- 
taneous blastogenesis, and B-cell reactivity 
showed no correlation with rejection factors. 
These results will not be discussed further. 

Figure 5 illustrates the marked variability 
between 2 individual recipients receiving the 
same suppressive drug. The ATG preparation 
used was also the same in both patients. How- 
ever, 1 recipient (J. 5.) had a marked fall in T- 
cell levels and maintained low levels for a pro- 
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Fig 6. Variability between cardiac transplant recipients’ 
T-cell responses to high-dose steroid therapy. (PHA = 
phytohemagglutinin; c.p.m. = counts per minute.) 


longed period. In contrast, the other recipient 
(D. G.) had a lesser fall in T-cell levels despite a 
higher dose of the standardized ATG prepara- 
tion and a rapid return of T-cell levels toward 
normal. 

Figure 6 illustrates a similar wide variability 
in the T-cell responses of 2 cardiac recipients 
treated for rejection with massive intravenous 
steroid therapy. One of them (G. 5.) had a 
marked fall in both percent E-rosettes (T-cell 
levels) and PHA reactivity (T-cell reactivity after 
intravenously administered steroids). The other 
(D. G.) was given a similar dose of prednisone, 
administered intravenously, which produced 
little effect on either T-cell levels or reactivity. 
In our experience, more than 20% of recipients 
are relatively "steroid-resistant' in terms of the 
effects of massive steroids on the circulating T 
lymphocytes. Such variations have been seen 
repeatedly in our unit and are probably related 
to individual immune reactivity variables 
among recipients. This variability in individual 
recipient response to standardized suppressive 
agents (often given in stereotyped time-dosage 
schedules) provides a strong rationale for im- 
mune monitoring and individualized adjust- 
ment of the time-dosage scheduling of suppres- 
sive drugs in an attempt to provide a more 
uniform immunosuppression and to avoid un- 
dersuppression and oversuppression of a given 
cardiac transplant recipient. 
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Comment 

These results suggest that immune monitoring 
and individualized modulation of immuno- 
suppression constitute a promising technique 
for management of cardiac transplant recip- 
ients. The ultimate test of such a system is 
the long-term graft survival and, to a lesser de- 
gree, the capability of the system to reduce 
early rejection and infectious complications. 
The 1-year graft survival of 5096 in these recip- 
ients and about 60% in the last 14 recipients is a 
marked improvement over previous results in 
our unit in recipients treated with higher doses 
of maintenance steroids. Ín the immune- 
monitoring and modulation group, no grafts 
were lost to rejection in the first month if sup- 
pression was not curtailed for clinical reasons. 
The incidence of recipient septic death of 1596 
compares favorably with results reported by 
another group [24]. There was a low incidence 
of viral and fungal infections, which was also 
seen in kidney transplant recipients in our unit 
treated by a similar protocol [30, 38]. 

The capability of the three in vitro im- 
mune-monitoring variables to detect rejec- 
tion before it occurs in nearly all instances 
would appear to be an important observation 
for the following reasons: (1) The logistics of the 
tests and the kinetics of development of posi- 
tive tests (mean of 6.7 days before the onset of 
clinical rejection) permit modulation prior to 
the onset of rejection and may thereby reduce 
the incidence or severity of early rejection epi- 
sodes. Our initial experience with the system in 
these heart recipients and a previously reported 
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experience in.kidney recipients [38] support 
this contention. (2) The tests add yet another 
diagnostic dimension to rejection, i.e., another 
system that can give objective evidence favor- 
ing or refuting a rejection diagnosis. This 
should lend a higher degree of accuracy to a 
rejection diagnosis and has the dual advantage 
of avoiding high-dose steroid therapy when it 
is unnecessary and potentially threatening to 
patient survival and of avoiding delay in the 
treatment of true rejection that may not be clini- 
cally apparent. (3) The tests may also be useful 
in reaching a more appropriate decision of 
when to do an endomyocardial biopsy in cases 
of dubious rejection. (4) The tests are all rela- 
tively simple, reproducible, and do not require 
cryopreservation of donor cells. (5) The tests re- 
quire much smaller volumes of recipient's 
blood than most of the donor-specific assays 
and, therefore, can be run on a daily basis and 
provide a close monitoring system. (6) The use 
of a battery of tests allows a higher level of con- 
fidence in assessing the effectiveness of immu- 
nosuppressive agents compared with the use of 
E-rosette levels alone [5, 26]. By performing 
B-cell counts, establishing T-cell reactivity, and 
ensuring accuracy and reproducibility of the 
E-rosette assay, the problems of false high and 
false low T-cell levels can be obviated. As first 
described by Ferguson and colleagues [8], the 
problem of false low T-cell levels in ATG- 
treated recipients is an especially difficult one 
which limits monitoring systems that do not 
obtain a complete lymphocyte profile of ATG- 
treated patients. 

The functioning of this system is heavily 
dependent on a potent and standardized 
(quality-controlled) ATG preparation. The re- 
quirement of a potent ATG to lower T cells suf- 
ficiently to apply this monitoring system was 
first reported in 1974 [39]. It is known that 
prednisone and Imuran (azathioprine) alone 
cannot effect sufficient T-cell lowering in many 
recipients to permit application of these tech- 
niques [41]. As previously noted by our group 
and others [1, 36], the quality of ATG batches 
varies widely and the strict application of pre- 
clinical quality control techniques is probably 
necessary in order to ensure clinical efficacy of 
ATG in most cases. 


The Stanford group has used rabbit ATG and 
T-cell monitoring also in clinical cardiac trans- 
plantetion. They have preferred to keep E- 


rosette levels at less than 1096 and do not utilize 


PHA reactivity or K-cell effector activity in 
moduating drug doses. The rationale for 
utilizing total circulating T-cell levels is that 
they provide a more accurate determination of 
the total "body coünt" of circulating T cells than 
simplv measuring E-rosettes (percent T cells). 

For as, testing of recipient immune reactivity 
by PEA and Con-A blastogenesis studies be- 
fore transplantation has been predictive of the 
propensity of both cardiac [35] and renal [42] 
transplant recipients to develop early rejection. 
Such testing may be important in determining 
the immune responder status (high or low re- 
spond=r) of recipients awaiting cardiac trans- 
plantation. Our data on immune responsive- 
ness and early rejection have been supported 
by the clinical studies of Opelz and Terasaki 
[22], Rolley and associates [25], and Jones and 
colleagues [14] and from the elegant, lower 
anima. studies of McDevitt, Katz, and Be- 
naceraf [15], and others which demonstrate 
that animals have a genetically determined 
overall immune responsiveness important in 
determining a variety of types of immune reac- 
tivity. These observations are entirely in keep- 
ing w-th the transplant experience to date, 
namely, that well-matched (even identical in 
terms 5f HL-A antigen) grafts can be rejected 
rapidly, whereas poorly matched cadaveric 
grafts could be accepted by a recipient without 
rejection [28]. These studies all suggest that in 
the fut ire, immune monitoring studies may be 
used tc separate out patients at a relatively high 
risk for rejection compared with patients at low 
risk bezause of overall immune responsiveness. 
High responders can be treated with adjuvant 
immurosuppressive techniques such as tho- 
racic duct drainage, which was used in 4 pa- 
tients m our recent group. 

Donor-specific CML reactivity of these car- 
diac transplant recipients was predictive of 
early rsjection although MLC reactivity was 
not. This finding is in keeping with the concept 
that the cytotoxic effector T cell (measured by 
CML reactivity) is central to allograft rejection, 
whereas the blastogenic T helper cell (measured 
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in MLC) shows little relationship to acute rejec- 
tion. Similarly, MLC values after transplanta- 
tion did not correlate with rejection. These re- 
sults: are difficult to reconcile with the concept 
of thé importance of the locus of the HL-A and 
D antigens (measured in MLC) and histoin- 
compatibility. The results are also at odds with 
a previous report demonstrating a relationship 
between MLC before transplantation and hu- 
man cardiac transplant rejection [7]. 

B-cell levels and B-cell reactivity in this study 
did not correlate with graft rejection. We [34, 
39] have reported similar findings in kidney re- 
cipients. Few other groups have looked at this 
in humans but in lower animals it seems clear 
that sublethally irradiated B-cell—reconstituted 
animals (presumably B-cell competent and T- 
cell deficient) cannot mount a good allograft re- 
sponse, whereas the T-cell—reconstituted ani- 
mals are able to mount a vigorous and normal 
rejection response [11] This apparent dif- 
ference between T- and B-cell function in rejec- 
tion may be important because it could be 
exploited to permit a more selective im- 
munosuppression than is currently available by 
using drugs with profound effects on sub- 
populations of the immune system most ger- 
mane to rejection activity. The currently avail- 
able suppressive drug with the highest level of 
selective anti-T-cell activity is ATG, while 
prednisone and azathioprine exhibit far less 
selectivity. 

The finding that spontaneous blastogenesis 
of peripheral lymphocytes did not correlate 
with acute rejection was not supported by a 
study of heart recipients by Morris and co- 
workers [20]. They used whole blood, which 
could have made a difference, but since 
granulocytes and other circulating myeloid cells 
as well as macrophages are known to produce 
spontaneous blastogenesis, it is difficult to at- 
tribute the blastogenesis to lymphoid cells in 
whole blood. Therefore, this explanation seems 
unlikely as a factor in the discordant results 
between the two studies. 

LMC is an assay of in vivo-generated T-cell 
cytotoxicity to donor, which was found to be 
useful in predicting early rejection of kidney 
grafts [27]. Unforunately, in our heart recip- 
ients, LMC showed a poor association with 


clinical rejection; less than 35% of patients 
showed a LMC positivity before rejection. Two 
possible reasons for the poor predictive results 
of this test involve technical and logistic prob- 
lems. (1) The test is difficult to control and per- 
form. (2) This assay requires a large number of 
peripheral lymphocytes, which, for example, in 
a transplant recipient with conventional white 
cell counts and white cell differentials would 
require 20 to 30 ml of blood. In ATG-treated 
patients, in whom severe lymphopenia de- 
veloped, we sometimes had to use 50 to 100 ml 
of blood. Therefore, the test can only rarely be 
performed more than once a week. This results 
in a high probability that any positive test will 
be out of phase, in terms of time, with an acute 
rejection episode. In our opinion, this is a 
major factor in the poor capability to identify 
acute rejection using this test. The test may be 
important in differentiating rejection from 
other problems in the heart recipient, however, 
since it specifically measures recipient immune 
reactivity to donor and thus should be relatively 
specific for rejection. 

Recent studies of our kidney recipients 
treated by monitoring and individualized 
monitoring have also shown promising results 
[37]. Furthermore, the cardiac recipients in the 
present study were not given optimal modula- 
tion since some were treated by T-cell levels 
alone due to the early difficulties in stan- 
dardizing the other assays. In some patients, 
inexperience with these new systems led to 
failure of the modulation protocol. Overall, our 
recent experience with 14 cardiac recipients . 
having a 7% rejection rate and a 16% infection 
rate appears to be promising, although further 
experience with monitoring and modulation is 
required to establish the value of this system. 

Is it rational to believe that early effective 
immunosuppression for 1 to 2 months can re- 
duce the overall incidence of graft rejection? 
Are we merely extending the grace period be- 
fore recovery of the immune system from the 
early heavy suppression, thus permitting it to 
affect later rejection? Regarding the first ques- 
tion, there is evidence that following the early 
period after transplantation, so-called immune 
adaptation occurs, rendering the host more 
hospitable to an incompatible graft. The Stan- 
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ford group has documented this well in cardiac 
transplantation [9], and it has been repor-ed 
for renal transplants also. In our exper:ence 
with renal transplants, using ATG does not 
merely delay an inevitable rejection. Ratner 
some 30 to 50% of cadaver transplant recipients 
treated with limited ATG therapy do not show 
rejection later after the ATG has been discon- 
tinued. Furthermore, some 3096 or more of re- 
cent cardiac transplant recipients have eith?r no 
detectable rejection or very mild rejection eerly 
after transplantation. To date, these patients 
have not shown a propensity to develop late 
acute rejections, thus supporting the concept 
that improved graft survival can be attained by 
effective control of the early rejection activity 
seen in the first 2 months after transplart. In 
1952, Woodruff [49] correctly predicted tha- this 
would occur when he coined the term imm uxo- 
logical adaptation and suggested that 6 to 8 
weeks would be required to obtain such a «tate. 
What is most important at present is to ceter- 
mine the mechanism by which this adaptat:on 
occurs, and further immune-monitoring stud- 
ies might provide insights into these mecna- 
nisms. 

It is perhaps important to note that neither in 
our heart nor our kidney transplant experience 
did we find a correlation between active E- 
rosettes or high-affinity E-rosettes and rej2c- 
tion. Thus, our studies did not confirm the 
findings of Kerman and colleagues [16]. Azt.ve 
and high-affinity rosette levels did not appaar 
to correlate as well with rejection as did ~-cell 
levels measured by the classic E-rosette assay. 
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Discussion 

DR. PHILIP OYER (Palo Alto, CA): As reported today 
by Dr. Thomas, immunological monitoring takes two 
basic forms: first, monitoring assays before trans- 
plantation, which allow prediction of the propensity 
of cardiac allograft recipients to reject their grafts 
after transplantation, and the second, monitoring as- 
says after transplantation, which allow assessment 
on a frequent basis of the host immune status and 
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permit prediction, several days in advance of clinical 
factors, of when the rejection process is being acti- 
vated. 

Dr. Thomas has developed two assay systems for 
use before transplantation that have allowed gener- 
ally successful prediction of the propensity of pa- 
tients to reject postoperatively. Unfortunately, these 
assay systems do not allow him to predict the inten- 
sity and thus the treatability of these postoperative 
rejection episodes. Therefore, in our experience, pa- 
tients whom he might classify as high responders on 
the basis of an assay before transplantation may 
often have rejection episodes that can be treated 
quite adequately with moderate doses of immuno- 
suppressive augmentation and do quite well post- 
operatively. Thus, monitoring before transplantation 
has not been of particular usefulness either in terms 
of selecting patients for operation or managing them 
after operation. 

The three assay systems that Dr. Thomas has found 
most useful after transplantation detect the rejection 
process several days before other more conventional 
clinical signs, and, taken together, these assays allow 
him to predict 95% of rejection episodes. 

These are indeed noteworthy results. However, I 
am sure these assay systems are associated with a 
certain false positive rate, which he didn’t mention. 
Clearly, if antirejection therapy is instituted on the 
basis of an assay system with a high false positive 
rate, overimmunosuppression will occur in certain 
instances. I would like to ask how he deals with this 
situation and what the false positive rate is in his 
combined assay system after operation. 

The conclusion that immunological monitoring has 
accounted for lower rates of early graft rejection, less 
severe rejection episodes, and a lower infection rate 
must be considered tentative, however, since the 
number of patients is still small in the experience of 
Dr. Thomas’s group and in ours, in fact, and the 
study was conducted over a number of years during 
which various other important factors were chang- 
ing. Nevertheless, the progress Dr. Thomas’s group 
reports in immunological monitoring is encouraging, 


and it seems clear that as future refinements and de- 


velopments take place in this area, the outlook for 
allograft recipients, both cardiac and renal is sure to 
improve. 


DR. THOMAS: I thank Dr. Oyer for his interesting 
comments. The Stanford group continues to have the 
best results in cardiac transplantation, but we are 
pleased that our recent results of more than 60% sur- 
vival at 1 year approach their results. i think we 
would wholeheartedly agree with Dr. Oyer that the 
designation of a patient as a high responder before 
transplantation, which was not discussed here but is 
one of the uses of immunological monitoring, cer- 
tainly is not equivalent to the treatability of the re- 


jections after transplantation. With the use of an- 
tithymocyte globulin (ATG), we are seeing more and 
more rejections that are easily reversible, so that we 
still have the problem of whether it is worthwhile to 
separate patients into high and low responders in 
order to try to develop a better recipient pool of low 
responders. 

In answer to his question about assays, it is true 
that we get false positive assays in approximately 25 
to 30% of patients. This does not disturb us greatly 
because the implications of a false assay are that the 
patient receives additional ATG and not necessarily 
increased doses of steroids, which we consider far 
more morbid than the administration of ATG. We 
have not noted serious consequences directly at- 
tributable to the false diagnosis of rejection and the 
subsequent administration of ATG, although such a 
situation is possible. However, our infectious death 
rate of 15% is lower than that reported by most other 
cardiac transplant units. 

I would certainly concur with Dr. Oyer's conclu- 
sion that a major question raised by the improved 
results both in the Stanford series and in our series is 
whether this improvement is related to the introduc- 
tion of quality-controlled rabbit ATG or whether ad- 
ditional improvement has been achieved by immu- 
nological monitoring and individualized modulation 
of recipient immune reactivity. 

There have been some recent advances in clinical 
management of cardiac transplant recipients. We 
believe that improved immunosuppression with 
quality-controlled ATG is clearly a marked improve- 
ment in patient management. However, because of 
the individual variability in the response to stereo- 
typed suppression and because of the encouraging 
results reported here, we do think that immune 
monitoring and individualization of immunosup- 
pression will become an important adjunct to our 
therapy in the future. Clearly, endomyocardial bi- 
opsy technique may allow earlier diagnosis and 
better treatment of a rejection crisis or of a state 
bordering on rejection. 

The use of lowered steroid doses is important. We 
have known for a long time that in both kidney and 
heart transplantation steroids are the major culprit in 
the production of most morbid complications after 
transplantation and that they have the most 
nonspecific effect on the body as a whole. 

We think that long-distance transportation of 
donor hearts—a subject we presented to this Society 
at last year's meeting—will allow us to perform 
transplantations in many more recipients who would 
not otherwise undergo the operation because of the 
lack of a local donor. In summary we believe that, at 
present, cardiac transplantation is showing notable 
advances and major improvement in results, and that 
any or all of the five factors presented here could be 
involved in the improvement. 


Palliation of Esophageal Carcinoma 
with Intraluminal Tubes: Experience with 30 Patients 


John R. Hankins, M.D., Fred N. Cole, M.D., Safuh Attar, M.D., 
John R. Satterfield, M.D., and Joseph S. McLaughlin, M.D. 


ABSTRACT Between 1968 and 1978, 26 patients 
with carcinomas of the thoracic esophagus and 4 
with adenocarcinomas involving the esophagogas- 
tric junction were treated by the insertion of in- 
dwelling intraluminal (endoesophageal) tubes. Four 
different types of tube were inserted by the pull- 
through technique. 

Thirteen of the 30 patients died in the hospital 
within 30 days. However, among the 20 patients who 
did not have neoplasms of the upper third of the 
thoracic esophagus or who had not had a prior resec- 
tion, only 5 died. The principal cause of death was 
aspiration pneumonia. Survival 
months. Four patients survived 5 to 7 months. De- 


averaged 2.5 


glutition was adequate in most patients but was not 
as satisfactory as after esophagogastrectomy. Our 
best results were obtained in patients with car- 
cinoma of the middle or lower third of the 
esophagus, with or without an esophagorespiratory 
fistula, who had not had a previous resection. 


Malignant obstruction of the esophagus con- 
stitutes a major therapeutic challenge. In our 
experience, resection of the neoplasm, even if it 
must be incomplete, has provided superior 
palliation as well as the possibility of long-term 
survival. However, there remain patients in 
whom resection is not possible or is contrain- 
dicated. This report describes our experience 
with the insertion of permanent indwelling 
tubes to maintain the lumen of the esophagus 
in such a group of patients during the ten-year 
period, September, 1968, to August, 1978. 


Material and Methods | 
During the period covered by this study, pa- 
tients with squamous cell carcinoma of the 


From the Division of Thoracic and Cardiovascular Surgery, 
University of Maryland School of Medicine, Baltimore, MD. 


Presented at the Twenty-fifth Annual Meeting of the South- 
ern Thoracic Surgical Association, Nov 2—4, 1978, Marco 
Island, FL. 


Address reprint requests to Dr. Hankins, University of 
Maryland Hospital, Baltimore, MD 21201. 


esophagus were treated by the following pro- 
toco. .[8, 9]: Those with carcinomas in the 
upper third of the thoracic esophagus were 
treated by radiotherapy unless there was severe 
esophageal obstruction or tracheal invasion by 
tumor, in which case, colon bypass was carried 
out if the patient's condition allowed. Indi- 
viduals with neoplasms of the middle and 
lower third of the thoracic esophagus were 
treated by esophagogastrectomy unless asso- 
ciated serious medical problems made them 
prohibitive operative risks or unless bronchos- 
copy demonstrated tumor invasion of the 
track eobronchial tree. Patients with small or in- 
completely obstructing carcinomas of the mid- 
dle third who did not have tracheobronchial 
tumor invasion and yet were too poor risks for 
esophagogastrectomy, were treated with pal- 
liative radiotherapy. For most other patients 
who did not fulfill the criteria for the protocol, 
intraluminal tube insertion remained the only 
means of relieving dysphagia. 

Foc adenocarcinomas of the esophagogastric 
juncture, our policy has been to perform 
esophagogastrectomy with esophagogastros- 
tomy if at all possible, even though some tumor 
musi be left behind [7]. However, in patients in 
whom resection was not possible or in whom 
tumor recurred with obstruction after resection, 
intraluminal tubes were inserted. 

Thirty patients underwent permanent intu- 
baticn. They ranged from 47 to 91 years old. 
Twenty-three were men and 7 were women. 
Dysphagia was the complaint in all patients 
when they were first seen. Of the 30 patients, 26 
had zarcinomas of the thoracic esophagus. The 
upper third was involved in 6 of these patients, 
the rniddle third in 12, and the lower third in 8. 
A diagnosis of squamous cell carcinoma was 
made by biopsy of the esophageal tumor or of 
associated extensions or metastases in 24 pa- 
tients. Another patient had undifferentiated 
carcinoma. Ín 1 patient, a tissue diagnosis of 
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carcinoma was not made but the esophagogram 
showed a typical carcinoma of the middle third 
of the thoracic esophagus, with an esophago- 
bronchial fistula. Two patients had anastomotic 
tumor recurrences that developed more than 
two years after esophagogastrectomy with 
esophagogastrostomy for carcinomas of the 
lower third. Three patients had received prior 
radiotherapy. Four patients, including 1 who 
had undergone radiation therapy and 1 with an 
anastomotic recurrence, had esophagorespira- 
tory fistulas. 

Four patients had adenocarcinomas involv- 
ing the esophagogastric junction. One of these 
patients had an anastomotic recurrence fol- 
lowing an esophagogastrectomy with esopha- 
gogastrostomy for adenocarcinoma of the 
proximal stomach. In another, the esophago- 
gastric junction became obstructed by lymphatic 
metastases three years after partial gastrec- 
tomy fora distal gastric carcinoma. Perforation of 
the distal esophagus occurred during a dila- 
tion attempt, necessitating emergency perma- 
nent intubation. 


Operative Technique 

Four different types of tube were employed (Fig 
1). Mousseau-Barbin tubes [17] were inserted in 
17 patients, Fell tubes [5] in 6, Celestin tubes [2, 
3] in 4, and Haering tubes [10, 11, 16] in2. In 1 
of these last 2 patients, a Haering tube was used 
to replace a Mousseau-Barbin tube, inserted at 
another hospital, that had migrated. The rubber 
flange on the Haering tube proved to be too 
small and too soft to hold the tube in place. 
Therefore, it was immediately removed. In an- 
other patient, a Mousseau-Barbin tube was 
inserted initially and, when obstruction by 
kinking of the tube later occurred, it was re- 
placed by a Fell tube. 

The technique used for insertion of the four 
types of tube was similar. Under general anes- 
thesia, through a short, upper-midline lap- 
arotomy, a high gastrotomy was performed. 
Next, an esophagoscope was inserted transor- 
ally, and through this a small guide or lumen 
finder was passed through the tumor into the 
stomach. The guide was then replaced by a 
heavy silk thread or a small plastic nasogastric 
tube. In several instances when it was not pos- 





A B C D 


Fig 1. The four types of intraluminal tube used in the 
present series: (A) the Mousseau-Barbin tube with 
built-in tail or introducer, made of Neoplex, an inert, 
semirigid plastic; (B) the two-piece Series IV Celestin 
tube consisting of the tube itself, made of highly flexible 
latex and incorporating a nylon spiral, and a detachable 
pilot bougie; (C) the Fell tube, fabricated of polyvinyl 
for greater flexibility; and (D) the Haering tube, con- 
sisting of a stainless steel coil surrounded by latex. The 
distal flange is applied through a gastrotomy after the 
tube is in place, to prevent retrograde migration. Since 
the Fell and Haering tubes are not supplied with intro- 
ducers, sutures must be passed through the distal end 
for use in pulling them into the stomach. 


sible to pass the guide antegrade, a guide or 
lumen finder was passed retrograde through 
the gastrotomy. Next, the narrow, tapered end 
or pilot bougie of the intraluminal tube was at- 
tached to the oral end of the silk thread and was 
pulled through the mouth and down the 
esophagus into the stomach. After the narrow 
end or pilot bougie tip had been recovered 
through the gastrotomy, traction was applied 
to it to bring the tube itself on down the 
esophagus. As this was done, the esophago- 
scope was used to follow the funnel end of the 
tube down the esophagus and to make certain it 
was properly seated on the tumor. The tube was 
then cut off obliquely within the stomach. The 
lower end of the tube was anchored both to the 
gastric wall and to the abdominal wall in all of 
the intubations using the Fell tube. Anchoring 
was not routinely carried out with the other 
three kinds of tube. In two of the Mousseau- 
Barbin intubations, a side opening was made in 
the lower end of the wide portion and the nar- 
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Fig 2. Portable gon ud T in the operat- 
ing room immediately after the insertion of a Celestin 
tube for a carcinoma of the lower third of the thoracic 
esophagus. Proper seating of the funnel of the tube on 
the tumor is confirmed. 


row flexible tail was brought out as a gastros- 
tomy [14]. A pyloroplasty was not routine; it 
was performed in only 2 patients. 

In the most recent part of this series, a port- 
able esophagogram was obtained by instill- 
ing Gastrografin (meglucamine diatrizoate) 
through a`nasogastric tube before the patient 
was moved from the operating table. This 
proved helpful in establishing whether the in- 
traluminal tube was properly seated in relation 
to the tumor n. 2). 


Results 

Thirteen patients died in the Hospital within 30 
days after operation. These 13 do not include 2 
patients who were discharged and later died of 
advanced cancer 16 and 28 days after operation, 
respectively. Operative complications were not 
a factor in their deaths. Also not included are 2 
patients, 71 and 75 years old, who died post- 
operatively in the hospital at 1.3 and 2.7 
months, respectively. The former died of a ce- 
rebral vascular accident complicated by pneu- 


monia, and the latter gradually lost ground to 
advancing cancer and could not be moved to an 
extended care facility. 

Among the 13 patients who died in the hos- 
pital within 30 days, aspiration pneumonia was 
the primary cause of death in 8. In 5 of these, 
the pneumonia occurred apparently because of 
gastroesophageal reflux. In the other 3, the tube 
failed to occlude completely an esophagores- 
piratory fistula; thus, aspiration through the 
fistula and tracheobronchial obstruction by 
tumor were the primary causes of pneumonia. 
Four patients died of other causes related to the 
cardiorespiratory system. One of these died of 
pneumonia and pulmonary edema, another of 
circulatory and respiratory failure, and a third 
of tracheal obstruction by tumor. The fourth 
patient who had received irradiation, died of 
massive hemoptysis, presumably from erosion 
of a major vessel, on the twenty-seventh post- 
operative day. A final patient died of peritonitis 
from leakage around the narrow tail of a 
Mousseau-Barbin tube that had been brought 
out as a gastrostomy. This was the only fatality 
directly attributable to surgical technique. 

An analysis was made of factors affecting 
hospital mortality. Of the 6 patients who 
underwent permanent intubation for car- 
cinomas of the upper third of the thoracic 
esophagus, 4 died within 30 days after opera- 
tion. All 4 died of respiratory causes: 2 of aspi- 
ration preumonia; 1 of tracheal obstruction by 
tumor; and 1 of massive hemoptysis. Of the 4 
patients who were-intubated because of recur- 
rent carccnoma after resection, all died post- 
operative'y. Three died of aspiration pneumo- 
nia. The fourth patient was the one who died of 
peritonitis. If patients who had carcinomas of 
the upper third of the esophagus and those who 
had had a previous: resection are excluded, 
there remain 20 patients, of whom only 5 died 
postopera-ively. 

Among the nonfatal complications, esoph- 
ageal perforation during tube insertion oc- 
curred in only 1 patient. This was recognized 
promptly and was-sutured through a cervical 
incision, with a successful outcome. Tube mi- 
gration occurred in only 4 patients, 2 of whom 
had neoplasms of the upper third and 1, an 
anastomotic obstruction after resection. All 4 
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patients required repositioning or replacement 
of the tube. Tube obstruction by impacted food 
occurred in 2 patients and was easily relieved 
endoscopically. Tumor obstructed the proximal 
end of the tube in 1 patient and was removed 
by esophagoscopy. Obstruction of the distal 
end of the tube by tumor in another patient 
required reoperation and replacement of the 
tube. Other complications included wound de- 
hiscence in 2 patients, enterocutaneous fistula 
in 2, and wound infection, gastrointestinal 
bleeding, and hemothorax in 1 patient each. 

Survival among the 17 patients who left the 
hospital alive or who did not die of opera- 
tive complications averaged 2.5 months. The 
longest survivor lived 7 months. Three others 
lived more than 5 months. Eleven patients sur- 
vived between 1.1 and 2.7 months. 

Palliation among the 17 survivors was fairly 
satisfactory in that most were able to ingest a 
puree diet. In addition, 4 of those who died in 
the hospital within 30 days experienced im- 
proved ability to swallow saliva and some liq- 
uids. All patients had to sleep with the head 
elevated to avoid gastroesophageal reflux. The 
survivors gradually lost weight, and it was dif- 
ficult to determine how much was due to di- 
etary restrictions and dysphagia and how much 
to anorexia from advancing cancer. Overall, the 
quality of palliation, in terms of liberality of 
diet, enjoyment of eating, and the ability to 
sleep lying supine, was decidedly inferior to 


that obtained after esophagogastrectomy. 


Comment 

The adoption, in 1969, of a therapeutic protocol 
aimed primarily at palliation of esophageal car- 
cinoma has resulted in far more patients re- 
ceiving palliation than during the previous 
eleven-year period, when the emphasis was on 
an all-out effort at cure [8, 9]. Of the first 85 
patients evaluated under the new protocol, 65 
met the criteria and, of these, 58 received palli- 
ation. At the same time, the survival rate re- 
mained at least as high as during the former 
period. Among 45 patients who underwent 
palliative resection for carcinomas of the middle 
and lower third of the thoracic esopliagus, the 
one-year survival was 4496 and the five-year 
survival, 1496 [8]. 


For those few patients excluded from the 
protocol, we sought to provide palliation by 
permanent intubation. Palliation, defined as 
relief of dysphagia, was obtained in 17 of the 30 
patients intubated. However, the operative 
mortality, 13 of 30 patients or 4396, was higher 
than that reported by most authors [1, 4, 6, 15, 
16]. 

In seeking to explain this higher mortality, 
the question arises whether faulty operative 
technique was responsible. No tubes of the 
push-through type, that is, tubes introduced 
by means of esophagoscopy only, without a 
laparotomy, were used in this series. 5ome au- 
thors reported a lower operative mortality for 
push-through, compared with pull-through, 
tubes [1, 6, 12]. The need for general anesthesia 
and laparotomy has been cited as the reason for 
the higher mortality from pull-through tubes. 
Yet, as Girardet and colleagues [6] pointed out, 
push-through tubes should be used only where 
there is a segment of tumor-free esophagus 
distal to the neoplasm. Thus, push-through 
tubes would not have been suitable for the 8 
patients in the present series with carcinomas 
of the lower third of the thoracic esophagus or 
the 4 with cardial neoplasms. Further, 3 of those 
with carcinomas of the middle third underwent 
laparotomy as a part of an intended palliative 
resection. Thus, laparotomy would have been 
required even had a push-through tube been 
used. In still other instances, it was not possible 
to pass a lumen-finder from above and there- 
fore a gastrotomy was necessary. The limited 
laparotomy with gastrotomy required for intu- 
bation did not appear to contribute to any of the 
deaths among the patients with carcinomas of 
the middle and upper thirds. Therefore, it 
seems doubtful that the use of push-through 
tubes would have resulted in a significantly 
lower mortality. 

Among the pull-through tubes, advantages 
such as greater flexibility and a more anatom- 
ical shape of the funnel have been claimed for 
the Celestin [2, 3] and Fell [5] tubes over the 
older Mousseau-Barbin tube. It could be argued 
that our mortality would have been lower had 
we used a greater preponderance of Celestin or 
Fell tubes. Das and John [4] reported an opera- 
tive mortality of 2596 for insertion of the 
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Mousseau-Barbin tube and only 12.5% for the 
Celestin tube. On the other hand, Girardet 
and colleagues [6] found little difference in 
mortality—24.3% for the Mousseau-Barbin 
tube and 21.2% for the Celestin. Aspiration 
pneumonia, a threat common to all pull- 
through tubes since they traverse the esoph- 
agogastric junction, was by far the predom- 
inant cause of death in our patients and 
was encountered with similar frequency with 
all the types of tube used. It is unlikely that the 
choice of the type of pull-through tube was an 
important factor in the high operative mor- 
tality. 

More likely, patient selection was the most 
important factor in the higher mortality. Had 
we refrained from performing intubation in 
patients with carcinomas of the upper third of 
the thoracic esophagus and in those who had 
had a previous resection, 8 of the 13 operative 
deaths would have been avoided. Other au- 
thors [13, 15, 16] cautioned against intubation 
for lesions of the upper esophagus. Holden and 
associates [13] believed that when neoplasms 
above the aortic arch are intubated, the near- 
ness of the funnel to the pharynx leads to 
cephalad displacement of the tube incident to 
the longitudinal shortening of the esophagus 
with swallowing. Lewis and colleagues [16] de- 
scribed severe reduction of the tracheal lumen 
caused by the combined bulk of tube and 
tumor. We believe also that gastroesophageal 
reflux is more likely to lead to aspiration in 
these situations because so little normal 
esophagus with normal peristalsis remains 
above the tube. 

We believe our problems with intubation in 
patients with recurrent tumor stem from several 
factors. Anastomotic tumor recurrences are 
usually submucosal. Hence it is difficult to ob- 
tain a snug seating of the tube on the tumor. 
Additionally, since the stomach has been par- 
tially resected and the remainder is partly in- 
trathoracic, there tends to be an awkward re- 
lationship between the lower end of the tube 
and the gastric wall, with consequent imped- 
ance to outflow from the tube. It is also dif- 
ficult to anchor securely the lower end of the 
tube. 


Our current policy is not to insert intralumi- 
nal tubes in patients with carcinomas of the 
upper third of the esophagus or in those with 
recurrences after resection. If such patients are 
eliminated from our study, 20 patients remain, 
of whom 5 died postoperatively. We think this 
high residual mortality reflects an important 
aspect of our protocol—that patients with mod- 
erately advanced carcinoma undergo palliative 
resection, while only the end-stage patients 
have permanent intubation. This is corrobo- 
rated by the fact that our patients who survived 
intubation died of carcinoma after an average of 
only 2.5 months, compared with an average 
survival of 4.2 months found by Girardet and 
associates [6] in their review of 2,459 patients 
who underwent intubation for nonresectable 
carcinoma. Our mortality could doubtless be 
reduced if we intubated some of the patients 
now being selected for resection. However, re- 
section in our experience provides a superior 
quality of palliation and also the possibility of 
long-term survival. Therefore, we intend to 
continue selecting patients according to our 
present protocol. 
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Notice from the Southern Thoracic Surgical Association 


The Twenty-sixth Annual Meeting bf the 
Southern Thoracic Surgical Association will be 
held at the Hilton Palacio Del Rio Hotel, San 
Antonio, TX, Nov 1-3, 1979. There will be a 
$100 registration fee for nonmember physi- 
cians except for guest speakers, authcrs and 
co-authors on the program, and residents. 
There will be a Postgraduate Program on Bron- 
chogenic Carcinoma. This meeting has been 
approved for Category I CME credit. 

The Scientific Program appears at the end of 


this issue of The Annals of Thoracic Surgery (pp 
300—302). Manuscripts of papers accepted for 
the program must be submitted to The Annals of 
Thoracic Surgery by October 15, 1979. 

Hotel reservations may be made by writing to 
the Hilton Palacio Del Rio Hotel, 200 South 
Alamo St, San Antonio, TX 78206. (Phone: 
512-222-2481.) 


Richard B. McElvein, M.D. 
Secretary- Treasurer 


Early and Late Results 


of Surgical Correction of Pulmonary Artery "un 


J. M. Dunn, M.D., I. Gordon, M.D., A. R. Chrispin, M.D., 


M. R. de Leval, M.D. , and J. Stark, M.D. 


ABSTRACT Since 1976, we have operated on 4 
children with pulmonary vascular sling. They were 
5, 12, 19, and 54 months old. All patients were seen 
initially with severe stridor. Diagnosis was made by 
barium swallow in all 4. 

Each child was operated on through a left thora- 
cotomy; the left pulmonary artery was dissected 
deep between the trachea and esophagus. Systemic 
heparinization and microsurgical techniques were 
used. All patients improved after operation. Ra- 
dioisotope pulmonary ventilation/perfusion scans 
were performed 9, 9, 14, and 21 months after opera- 
tion. Decreased ventilation was noted in the right 
upper lobe of one scan; the other three ventilation 
scans were normal. Perfusion scans showed good 
patency of both pulmonary arteries in all 4 patients. 

It is concluded that pulmonary vascular slings 
should be treated surgically as soon as diagnosed. 
Delayed operation can lead to severe tracheo- 
malacia, as demonstrated in our 54-month-old 
patient. | 


Pulmonary artery sling is arare vascular anomaly 
in which the left pulmonary artery (LPA) arises 
distally and courses across the mediastinum 
between the esophagus and trachea, to the left 
lung: (Fig 1). This produces a so-called sling 
around the dista] trachea and sometimes the 
proximal main bronchi. Tracheal compression, 
tracheomalacia, and severe respiratory embar- 
rassment can develop. This anomaly was de- 
scribed in 1897 as a postmortem finding [3]. 
Early attempts at repair, including transection 
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and reanastomosis of the bronchus behind the 
LPA and division of the ductus arteriosus were 
generally unsuccessful [8, 10]. In 1954, Potts and 
colleagues [14] described a repair consisting of 
division of the LPA and reanastomosis of the 
two LPA ends anterior to the trachea. 

Recent reviews of patients .with anomalous 
LPA [4, 6, 15] have emphasized the high mor- 
tality (about 85%) and morbidity of medical 
management alone. In the past, operative 
treatment has been associated with a high 
mortality (about 50%), but it has been reduced 
to less than 25% in patients treated since 1970, 
including our 4 patients [1, 4, 6, 15]. In general, 
the 25 children reported to have survived oper- 
ative repair showed dramatic symptomatic im- 
provement [1, 2, 4, 5, 7, 9, 12, 13, 15]. Eleven of 
the 25 survivors have undergone pulmonary 
arteriography or perfusion lung scanning, or 
both techniques, to assess pulmonary blood 
flow through the reimplanted LPA. In only 2 of 
these 11 patients was the LPA patent following 
reanastomosis. | 

oince the first report from our unit in 1969 [7], 
4 children have undergone operation for pul- 
monary vascular sling. There were 3 boys and 1 
girl, and they were 5, 12, 19, and 54 months old. 
All patients improved after the operation and 
were subsequently reinvestigated by ventila- 
tion/perfusion scans. Radioisotope pulmonary 
ventilation/perfusion scans were performed 
using krypton 81m gas for the ventilation 
scans and technetium 99m microaggregates 
injected intravenously for the perfusion scans. 
The purpose of this paper is to present the case 
reports of our 4 patients, discuss the operative 
technique used, and stress our belief that early 
diagnosis and surgical repair can be expected to 
produce excellent results. 


Case Reports 
The important features of all 4 patients are 
summarized in Tables 1 and 2. 
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Fig 1. The left pulmonary artery (LPA) arises to the 
right of the trachea (T). It courses between the 
esophagus (Oe) and trachea towards the left pulmcnary 
hilum. (MPA = main pulmonary artery.) 


Patient 1 

The history of this 54-month-old patieni in- 
cluded cyanosis and tachypnea shortly after 
birth. The diagnosis of tracheomalacia was 
made during infancy. He required frecuent 
hospital admissions for bronchitis and rsspi- 
ratory distress. He had multiple endotracheal 
intubations, and subsequently the diagnosis of 
severe subglottic stenosis was made. Treche- 
ostomy was attempted when he was 34 mcnths 
old. It was reported that the tracheos-omy 


Table 1. Presentation 


tube could not be inserted because the tra- 
chea was too small. The patient continued to 
require frequent hospital admissions because 
of stridor, and his activity was severely limited. 
He was referred to our unit for further evalua- 
tion and treatment in September, 1976. 

At the time of admission the patient was 54 
months old. At examination he had severe 
stridor and wheezing. A chest roentgenogram 
was clear. Bronchoscopy revealed generalized 
narrowing of the trachea and some subglottic 
stenosis. À barium swallow demonstrated an 
anterior esophageal indentation at the level of 
the tracheal bifurcation. The diagnosis of pul- 
monary sling was confirmed by pulmonary an- 
giogram. 

Operative treatment consisted of division of 
the ligamentum arteriosum, division of the 
LPA, and its reimplantation in the main PA. 

Tracheostomy and steroids were necessary 
after the operation because of severe subglottic 
stenosis. The patient gradually improved and 
was extubated 2 months after the operation. On 
follow-up examination he had some stridor as- 
sociated with exercise, but was much improved 
compared with his preoperative status. Exercise 
tolerance was also improved. A perfusion/ 
ventilation lung scan performed 21 months after 
operation demonstrated a slight reduction in 
perfusion in the left upper lobe. The remainder 
of the perfusion scan was normal, as was the 
ventilation scan. 


—————— MM MM MÀ ep LA 


Age at 
Patient First Predominant Symptoms Operation 
No. Symptoms and Physical Findings Barium Swallow (mo) 
ji At birth Tachypnea, recurrent bron- Anterior indentation of 54 

ES chitis, cyanosis, stridor, esophagus at level of carina 
wheezing (inspiratory, ex- 
piratory) 
2 2 wk Coarse inspiratory stridor, Anterior esophageal indenta- 5 
. wheezing, cyanotic episodes tion just above level of 
carina; distal tracheal nar- 
rowing at same level 
3 6 wk Recurrent pneumonia, Esophagus deviated to right; 19 
wheezing, stridcr anterior esophageal inden- 
tation at level of carina; 
space between esophagus 
and trachea l 
4 At birth Stridor, wheezing, cough Anterior esophageal indenta- 12 


tion 
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Table 2. Operative Results 


Patient Operative Postoperative Postoperative 

No. Procedure Result Perfusion Lung Scan Ventilation Scan 

1 Ligamentum ar- Temporary Slight reduction of Normal 

teriosum divided; tracheostomy for flow to left upper 
LPA divided and subglottic stenosis; lobe (21 mo) 
anastomosed to moderate stridor at 
MPA - exercise (21 mo post- 

operatively) 

2 Same No stridor; normal Slight reduction of Normal 
exercise tolerance perfusion to left 
(14 mo) lung (14 mo) 

3 Same Mild stridor with Equal left and right Decreased ventilation in 
respiratory infec- lung perfusion (9 right upper lobe 
tions; allergy to mo) 
pollen (9 mo) 

4 Same No stridor, normal Equal left and right Normal 


exercise tolerance 


(9 mo) 


lung perfusion (9 
mo) 


LPA = left pulmonary artery; MPA = main pulmonary artery. 


Patient 2 
A male infant was seen with cyanosis, wheez- 
ing, and increased respiratory effort when he 
was 2 weeks old. He was admitted to our unit at 
the age of 4 months because of coarse inspira- 
tory stridor and an audible wheeze. A chest 
roentgenogram was clear, but a barium swallow 
demonstrated an anterior esophageal indenta- 
tion at the level of the carina. Pulmonary angio- 
gram was not contributory. Bronchoscopy 
showed a slit-like tracheal lumen and posterior 
compression also at the level of the carina. He 
was discharged before elective operative repair 
was done, but severe stridor developed and he 
had to be readmitted. On the day of readmis- 
sion, he had a respiratory arrest, followed by a 
cardiac arrest. After he was successfully resus- 
citated, an emergency operation was per- 
formed. It consisted of division of the liga- 
mentum arteriosum and of the LPA and 
reimplantation of the LPA into the main PA. 
The patient was extubated on the first post- 
operative day with only minimal stridor. Fur- 
ther progress was uneventful and he was dis- 
charged home 16 days after operation. He was 
seen 14 months postoperatively and at that time 
was well, had no stridor, and had normal exer- 
cise tolerance. A lung scan showed slightly de- 
creased perfusion of the left lung compared 


with the right. No abnormality was seen on the 
ventilation scan. 


Patient 3 

A male infant 6 weeks old developed an infec- 
tion of the upper respiratory tract, wheezed, 
and retained secretions. The episodes of respi- 
ratory infection became more frequent, and 
stridor also developed. He was referred to us 
when he was 19 months old. At that time, he 
was noted to have severe stridor at rest. A chest 
roentgenogram revealed dextrocardia with ab- 
dominal situs solitus. The lungs were clear. A 
barium swallow demonstrated an anterior 
esophageal indentation and an increased space 
between the esophagus and trachea at the same 
level. A pulmonary arteriogram confirmed the 
diagnosis of pulmonary sling. 

Operation was performed without delay. The 
ligamentum arteriosum was divided, and the 
LPA was divided and then reimplanted into the 
main PA. Postoperatively, the patient had 
marked stridor, with copious secretions which 
required frequent physiotherapy. He gradually 
improved and was discharged home 13 days 
after operation. 

A perfusion/ventilation scan performed 9 
months postoperatively demonstrated normal 
perfusion in both lungs. The ventilation scan 


233 Dunn et al: Pulmonary Artery Sling 


revealed decreased ventilation in the right 
upper lobe. When he was 28 months old, 
stridor again developed and became gradually 
worse. He did not respond to antibiotic treat- 
ment and was seen in the respiratory unit. It 
was concluded that he had an allergy to pollen 
and that the latest respiratory problems were 
largely due to expiratory difficulties. No special 
treatment was necessary but salbutamol was 
recommended should the expiratory stridor de- 
velop again. 


Patient 4 

A female infant was seen with recurrent upper 
respiratory tract infections, inability to clear se- 
cretions, and intermittent stridor. Symptoms 
became progressively more severe, and when 
she was 1 year old a pulmonary arteriogram re- 
vealed pulmonary vascular sling. She was re- 
ferred to our unit for further treatment. On ad- 
mission, a barium swallow showed an anterior 
esophageal indentation just above the level of 
the carina. Operation consisted of division of 
the ligamentum arteriosum, division of the 
LPA, and its reimplantation in the main PA. 


The patient’s postoperative course was un- 
eventful. There was some residual stridor but 
no respiratory distress. Physiotherapy was con- 
tinued for a few days, and she was discharged 
home two weeks following operation. The pa- 
tient was last seen in July, 1978, 9 months after 
the operation. She was asymptomatic and de- 
veloping normally. Ventilation/perfusion scans 
detected no abnormalities on either lung. 


Surgical Technique 

Each of our 4 patients was managed identically. 
After the diagnosis was confirmed by barium 
swallow (Fig 2), pulmonary arteriogram, or 
both methods, operation was indicated. Occa- 
sionally, a few days of preoperative treatment 
with physiotherapy, humidity, and antibiotics 
can be beneficial. A left thoracotomy through the 
fourth intercostal space affords excellent surgi- 
cal exposure. The ascending aorta and distal 
aortic arch are isolated, and a "vascular ring" 
arch anomaly is ruled out. A ligamentum ar- 
teriosum or patent ductus arteriosus is divided. 
Dissection between the trachea and esophagus 
reveals the anomalous LPA (Fig 3A). Following 





Fig 2. Lateral view of a barium swallow showing the 
anterior indentation of the left pulmonary artery (LPA). 


systemic heparinization (1 mg per kilogram of 
body weight), the LPA is divided between the 
two vascular clamps as close to the bifurcation 
as possible. Care must be taken not to obstruct 
the trachea with the vascular clamp. This can 
easily happen because of the deep position of 
the LPA between the aorta, esophagus, and 
trachea. If obstruction does occur, it should be 
rectified immediately by careful clamp posi- 
tioning. The proximal stump is doubly over- 
sewn with monofilament sutures. The pericar- 
dium is opened anterior to the left phrenic 
nerve, and the main PA is dissected. A partial 
occlusion clamp isolates a portion of the main 
PA, which is then incised (Fig 3B). The LPA is 
trimmed obliquely and brought through the 
pericardial incision posterior to the phrenic 
nerve. An end-to-side anastomosis between the 
LPA and main PA is done using a 6-0 Prolene 
monofilament suture. The anastomosis is per- 
formed in such a way that the LPA lies naturally 
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Fig 3. (A) Through a left thoracotomy, the main pulmo- 
nary artery (MPA) and left atrial appendage (LA) are 
visualized through an incision in the pericardium (P). 
The phrenic nerve is isolated here on two slings. The 
left pulmonary artery (LPA) is partially visualized as tt 
emerges from between the trachea and esophagus 


in apposition to the main PA (Fig 3C). A gener- 
ous main PA incision and a standard "cobra- 
like" configuration of the LPA ensures a patent 
anastomosis. 

The heparin is not reversed after operation. 
Humidification, physiotherapy, and sedation 
are used in the usual manner. 


Comment 

The diagnosis of this anomaly is best estab- 
lished by barium swallow. It reveals the an- 
terior indentation of the esophagus at the level 
of the tracheal bifurcation. Pulmonary angio- 
gram can also demonstrate anomalous origin of 
the LPA, but is less reliable than the barium 
swallow. 

We believe that survival with improvement 
of symptoms is closely related to early relief of 
tracheal compression. Prolonged tracheal com- 
pression can increase the risk of tracheomalacia 


under the aortic arch. (B) A partially occluding clamp 
has isolated a portion of the main pulmonary artery. It 
is incised and the lumen (L) can be seen. The longitudi- 
nal incision courses in the direction of the left pulmo- 
nary artery. (C) The left pulmonary artery is anas- 
tomosed tc the main pulmonary artery. The proximal 
part of the anastomosis can be seen. (Ao — aorta; pda 
— patent ductus arteriosus.) 
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Fig 4. (Patient 4.) (A) The perfusion scan with 
technetium 99m microaggregates reveals homogenous 
distribution of the isotope in both lungs. (B) The kryp- 
ton ventilation scan shows normal, equal ventilation of 
both lungs. 


and permanent tracheal deformity. In addition, 
spontaneous resolution, even with excellent 
medical support, did not occur in any of our 
patients. Thus, surgical repair is indicated soon 
after the diagnosis is made, with only a short 
period of time for treatment of pneumonia and 
secretions. This conclusion seemed to be sup- 
ported by the course in Patient 2, who was dis- 
charged home after the diagnosis was made and 
was to undergo elective operation later. He was 
readmitted on an emergency basis, and respira- 
tory and cardiac arrests occurred soon after ad- 
mission. Emergency operation had to be per- 
formed. 

It is of interest that relief of symptoms ap- 
pears to be mainly a result of eliminating 
tracheobronchial compression. From previous 
reports it would appear that patency of the LPA 
has rarely been achieved and yet symptomatic 
relief has been excellent [1, 2, 4, 5, 7, 9, 12, 13, 
15]. Including our 4 patients, we found 29 pa- 
tients with successful repairs described in the 
English literature [1, 4, 6, 7, 15]. Of these, 15 
underwent an investigation of postoperative 
LPA patency. In only 6 patients (including our 
4) was the LPA found to be patent postopera- 





tively, as demonstrated by pulmonary arterio- 
gram, perfusion lung scan, or both. In each of 
the 6 patients, a LPA-main PA anastomosis 
was constructed. Of the 9 patients in whom the 
LPA was occluded, the LPA was divided and 
reanastomosed anterior to the trachea in 3. In 
only 1 patient, who had other, complicating 
anomalies, was clinical cyanosis present [15]. 

The low patency rate previously reported in 
the literature caused Phelan and Venables [11] 
to treat 5 patients with pulmonary artery sling 
conservatively, i.e., without surgical interven- 
tion. All 5 survived, and most appeared to 
"grow out" of stridor. We do not agree with 
this approach, although it may be acceptable 
when the lesion is mild. In all patients observed 
by us, medical treatment did not lead to im- 
provement. In addition, 1 of our patients suf- 
fered respiratory and cardiac arrests and had to 
be operated on as an emergency. The oldest pa- 
tient in our series was 54 months at the time of 
operation and had severe tracheomalacia. AI- 
though we cannot prove that the tracheomalacia 
was a consequence of pulmonary vascular sling, 
it is very probable. We conclude that repair can 
be performed safely. Using microsurgical tech- 
niques, monofilament suture material, and 
systemic heparinization, all 4 patients demon- 
streted good patency of the LPA on perfusion 
lung scans performed 9 to 21 months after oper- 
ation (Fig 4). 
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Discussion 
DR. CONRAD B. JENSON (Salt Lake City, UT): The au- 
thors are to be complimented for their excellent re- 
sults. To my knowledge, this is the first report docu- 
menting good patency in all patients undergoing 
surgical repair. 

We have had a similar experience with no opera- 
tive mortality in 5 infants who were 4 days, 20 days, 


312, 41⁄2, and 6 months old at the time of operation. 
In each instance, the aberrant vessel was anas- 
tomosed to the main pulmonary artery. Patency of 
the left pulmonary artery reconstruction was con- 
firmed postoperatively by pulmonary scan or pul- 
monary arteriogram in all 5 patients. 

Especially noteworthy were the findings on 
thoracic roentgenograms, which varied considera- 
bly. One infant had fluid trapping of the right lung 
during the first week of life, which was not recog- 
nized by the attending physicians as a pathogno- 
monic sign of this condition. Two patients had air 
trapping of the left instead of the right lung. Another 
had marked respiratory symptoms and a negative 
esophagogram, an unusual but previously reported 
finding. Thus, it is evident that air trapping can ap- 
pear in either lung and that pulmonary arteriography 
is indicated when the esophagogram is normal and 
no other cause for respiratory distress is apparent. 

Hav:ng experienced a near fatal cardiac arrest in 1 
patient while anastomosing the aberrant left pulmo- 
nary artery to the main pulmonary artery, we used 
cardiopulmonary bypass for our last critically ill in- 
fant and were very pleased to find that it greatly 
facilitated the successful outcome. We now recom- 
mend cardiopulmonary bypass using a left thora- 
cotomy during operation to repair this anomaly 
whenever cardiopulmonary function is tenuous, and 
believe this modality may be lifesaving in some pa- 
tients. 


DR. THOMAS B. FERGUSON (St. Louis, MO): In the last 
several years at Barnes Hospital, we have seen 3 pa- 
tients with this condition, and I would like to em- 
phasize the value of preoperative and postoperative 
scans, both in the diagnosis and efficacy of therapy 
for the condition. One child had a hyperlucent lung 
on the left side and all the other stigmata of the con- 
dition. The chest roentgenogram resembled one from 
a patien: with Swyer-James syndrome. The ventilation 
scan was normal. The preoperative perfusion scan 
demonstrated essentially no flow to the left lung. 
This indicates that in some infants the sling can be so 
taut, there is little or no flow to the lung. 

The postoperative perfusion scan showed normal 
perfusion to the left lung. 


DR. ROBERT M. SADE (Charleston, SC): I would like to 
make ore correction regarding the anatomy of this 
lesion. The right pulmonary artery does not arise 
from the main pulmonary artery. Embryologically, 
the main pulmonary artery ends at the ligamentum 
arteriosum, and the left pulmonary artery arises from 
the right pulmonary artery, not from the main pul- 
monary artery. 

The important point to remember about this lesion 
is that tracheobronchial stenosis is very common. It 
has been reported in 54% of patients with pulmonary 
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artery sling. When we reviewed this lesion in 1975, 
we found that of all the reported patients who had 
died, 6096 had some kind of tracheobronchial 
stenosis; none were alive in 1975 except 1 patient 
whose lesion was treated by division and reanas- 
tomosis of the stenotic bronchus. 

Tracheobronchial stenosis must be looked for 
very carefully in all patients with pulmonary zrtery 
sling. In 1 of the3 patients we reported in 1975, there 
was severe hypoplasia of the distal half of the 
trachea. This patient did well after some respiratory 
problems were corrected following repair of the 
sling, but died several months later when an epera- 
tion was done to repair the tracheal stenosis. The 
cause of death was unrecognized occlusion of the left 
pulmonary artery. 

A radionuclide angiogram shows the radionuclide 
appearing in the right heart and pulmonary zrtery; 
the right lung lights up, but not the left lung. The 
authors are to be congratulated for their superb re- 
sults in keeping the left pulmonary artery patent. 

In 1975, we surveyed all the surgeons who had 
living patients with pulmonary artery sling and 
found there were 9 patients who had occluded left 
pulmonary arteries. At that time, only 1 patient had a 
patent left pulmonary artery. The authors have raised 
the number of patent left pulmonary arteries consid- 
erably by reconstructing the left pulmonary artery 
with microsurgical technique and using heparin; we 
think this an excellent result. 

I have one question. The 4 patients reported were 
all operated on in 1976 and 1977, and I would like to 
know if these 4 represent the entire experience of 
Great Ormond Street or whether there may be some 
other patients earlier in the history of that institution 
not covered by this study. 


DR. HERMES C. GRILLO (Boston, MA): I hope i won't 
startle my friends by getting up to talk about a very 
impressive cardiovascular paper. I had intended to 
make the point made by the last commentator, that 
there are noncompressive lesions of the trachea asso- 
ciated with this anomaly, namely, congenital seg- 
mental stenosis of the trachea, which are not relieved 
by transposing the pulmonary artery. In fact, it is 
entirely possible that the primary operation :n these 
cases should be on the trachea, with the artery sim- 
ply deflected to one side. 

These patients have complete O-rings of trachea. 
The airway cannot be improved by dilation or simply 
removing the sling. The airway obstruction remains 
intrinsic in the tracheal stenosis. 

I will make one point about diagnosis: Certainly 
tracheograms are of great help when this malforma- 
tion is suspected, but the rings can be seen directly 
through a Storz magnifying telescope. The complete 
rings in the stenotic segment contrast with the nor- 
mal membranous wall in the segments above or 
below. 


DR. JULIO C. DAVILA (Wausau, WI): The authors merit 
our thanks for bringing this very interesting anomaly 
to our attention. I would like to simply mention one 
additional variant in the pathology of this syndrome. 

Five years ago, we operated on an infant who was 
seen with severe respiratory distress. Roentgeno- 
grams (particularly the air bronchogram on laminag- 
raphy) showed narrowing of the left main bronchus. 
Routine chest roentgenograms showed severe em- 
physema of the left lung. We have been unable to 
find in the literature the occurrence of emphysema of 
the left lung in the face of a pulmonary vascular sling. 

Left bronchial narrowing was confirmed by bron- 
chography, and in passing I might mention that this 
gave rise to a very difficult problem of respiratory 
management following the introduction of opaque 
material into the bronchus. In the future we would 
use bronchography only with great caution. 

At operation the sling was found to be the typical 
left pulmonary artery arising from the trunk of the 
right pulmonary artery and passing over the right 
bronchus and around the posterior aspect of the 
trachea. Then it followed the left main bronchus in 
very close apposition into the parenchyma of the 
lung. It was difficult to dissect the artery from the left 
main bronchus, and, after the bronchus was freed, it 
was found to be quite flattened, most likely repre- 
senting a form of bronchomalacia. 

The authors have indicated with accuracy and va- 
lidity that precision is the vital aspect of the tech- 
nique. We did not use a microsurgical technique, 
and we did not use Prolene, but we did make a large 
anastomotic site and a nice relaxed artery. We di- 
vided the artery at its origin on the right pulmonary 
artery. It is worth the trouble to dissect that. At 2 
years, the patient was restudied and found to have a 
patent artery. It has now been about 5 years since the 
operation, and the patient is asymptomatic and 
doing well. 


DR. DUNN: I would like to thank all the discussants. 

In reference to Dr. Jenson's comments, interest- 
ingly enough, we did not find that the chest 
roentgenograms were very significant. One patient 
showed hyperinflation of the right upper lobe on 
preoperative chest roentgenogram but the other in- 
fants had normal chest roentgenograms. We have 
not used cardiopulmonary bypass for this procedure 
for several reasons: I was not sure from Dr. Jenson's 
comments whether his operation was performed 
through a midline sternotomy or a thoracotomy. If it 
was done through a midline sternotomy, we would 
think that there would be some disadvantage to 
bypass, namely, in visualizing the ductus, in free- 
ing up the aorta, and in exploring for other vascular 
ring anomalies. Each of these can be easily accom- 
plished through the chest. Second, since we have 
been successful and have not had any undue prob- 
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lems during this procedure with retraction of the 
heart or the pulmonary arteries, we don’t see any 
need for bypass. 

I did not mention in the discussion that the most 
critical time to us has been the postoperative period. 
It is of paramount importance to keep these patients 
sedated so that they have very quiet, calm, restful 
respirations. As for any patient with a tracheal 
obstruction that is not completely relieved, labored 
agitation and respiration will compromise the 
trachea. In this respect, we wonder whether car- 
diopulmonary bypass with its inherent respiratory 
insufficiency may make respiration more difficult 
afterward. 

Dr. Ferguson, we do not have preoperative perfu- 
sion scans but we do have the preoperative arterio- 
grams, showing patency with no kinking of the left 
pulmonary artery in each patient. 

Dr. Sade, I thank you for correcting us in the 
definitions of the main and left pulmonary arteries. 
We chose to define them from an anatomical view- 
point rather than embryologically, and decided that 
the main pulmonary artery ends where it divides 
into a left and right pulmonary artery. 

We have not done bronchograms for patients pre- 
operatively as you have done. We abstain from this 
procedure for several reasons: First, we believe that 
bronchography is not a benign procedure in an in- 


Erratum 


In the article “Prolonged Intraaortic Balloon 
Pumping in Klebsiella-induced Hypodynamic 
Shock" by Roberts et al (Ann Thorac Surg 
28:73, 1979), the legends for Figure 8 (p 81) 


fant and the tracheal inflammation that it might pro- 
duce may be counterproductive in terms of our 
long-term goal of an early repair. Second, we have 
backed off on any type of bronchial or tracheal repair 
in infancy, and because of that we don't think that 
the bronchogram is absolutely necessary at this early 
time. 

Our entire experience includes 3 other patients re- 
ported by Mr. Waterston previously. Of those 3 pa- 
tients, 1 infant was explored. Reanastomosis of the 
left pulmonary artery was not performed in that pa- 
tient. A ductus was divided, and the trachea and 
esophagus were freed as much as possible. This 
patient—who was moribund preoperatively—died 
postoperatively. The other 2 patients are both alive, 
but we have not been able to get them back for perfu- 
sion scans. Since this paper concerns patency, we did 
not include these 3 patients. 

Dr. Grillo, we have not attempted to divide the 
trachea in any of these patients. I believe there are 
early reports of tracheal division as opposed to pul- 
monarv artery division in the management of this 
lesion, and in those early reports mortality was the 
rule. 

Dr. Davila, I really cannot comment on your pa- 
tient with the tracheal stenosis as well as the pulmo- 
nary artery sling. We have had no experience with 
these two lesions together. 


and Figure 9 (p 82) are incorrect. In both in- 
stances, the (A) portion should be applied 
to the (B) portion and vice versa. 
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a practical electrical distribution network, he | 
created a lighting system that was to revolutionize 
the way man lived. 

Intermedics took its cue from the 
scientific genius of men like Edison and 
became the first pacemaker manufacturer 
to offer an unprecedented range of pro- 
grammable pacemaker functions in a total, 
fail-safe, heart pacing system. 

The multi-programmable CyberLith system. 










Always maintaining a close relationship with its cus- 
tomers, Intermedics was quick to realize that physicians 
were demanding greater control in their use of multi- 
programmable pacemakers. Control that would enable 
them to respond precisely to their patients’ problems. 
Now, the CyberLith System puts that control in your 
hands. Our CyberLith (Model 253-05) gives you: 
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Tree (demand). 


This unparalleled range of programmable features is 
made possible by custom CMOS (complementary metal- 
oxide-semiconductor) integrated circuitry, recognized for 
its high reliability and low power consumption. 
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or in combination, using a battery-powered portable Pro- 
grammer. Reprogramming is automatically confirmed, 
and an advanced fail-safe feature guards against acciden- 
tal reprogramming. 
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md your Intermedics Representative for additional 
information on the many other advantages of our multi- 
programmable CyberLith Pacing System. 

At Intermedics, we are producing tomorrow's 


technology today, because OUR BUSINESS IS LIFE. 
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INDICATIONS FOR USE Implantable cardiac pulse generators 
may be indicated for long-term treatment of impulse formation or 
conduction disorders resulting in symptomatic bradyarrhythmias, 
tachyarrhythmias, and heart block unresponsive to drug therapy. 


PRECAUTIONS Implanted pacemakers have a finite and 

variable service life as a result of factors such as the initial capacity 

of the battery and the shelf storage time of the manufactured pace- 
maker; variations in electrode system resistances, stimulation rate, and 
the percentage of time the implanted pacemaker is inhibited; and ran- 
dom electronic component failures. 

Pacemaker operation can be influenced by electric, magnetic, or elec- 
tromagnetic energy mimicking normal cardiac activity. In addition, cer- 
tain environmental sources can couple sufficient energy into a pace- 
maker system to damage the pulse generator. Specifically, diathermy 
should not be used on pacemaker patients because of possible total inhi- 
bition of the pulse generator; electrocautery can inhibit and/or damage 
the pacemaker as well as cause burns or possible ventricular fibrillation; 
defibrillation can damage the pacemaker, and the presence of the pace- 
maker may cause increased cardiac muscle damage from defibrillation. 
Microwave ovens that do not exceed federal guidelines for leakage (0.5 
W/cm? at 2.5 cm from the appliance) will not affect the pacemaker, but 
leakage in excess of that amount may cause interference. Certain elec- 
trical and gasoline-powered appliances can cause inhibition of an 
implanted cardiac pacemaker system. 

For complete precautions, see the Physician’s Manual for the 
Intermedics cardiac pulse generator to be used. 


CONTRAINDICATIONS AND SIDE EFFECTS There are no 


known contraindications to the use of pacemakers as a medical method 
for control of heart rate. Body rejection phenomena, local tissue reac- 
tion or skin necrosis, muscle and nerve stimulation, embolism, and car- 
diac tamponade have been reported. 


46 Intermedics lnc. 


P.O. Box 617 Freeport, Texas 77541 
Tel: (713) 233-8611 
Toll free: 1-800-231-2330 


Our business is life. 





Now the most reliable 
balloon pumping system in the work 
isalsothe Simplest. 





INFLATION POINT 


0 ty I  GRE-ENE^ ARUM o5 


PUMP FREQUENCY 


EVERY 
SECOND BEAT 


EVERY 
b / THIRD BEAT 


Several years ago, we introduced the Datascope 
System 80 Intra-Aortic Balloon Pump. Since that 
time it has proven itself to be the most reliable system 
in the world. 

We just improved on it. With the new Datascope 
System 82. 

The System 82 is dramatically simpler to 
understand and to operate. Setting two prominent 
slide controls is essentially all that is needed for 
proper adjustment. 

To test its simplicity, we gave it to nurses who had 
never seen it before. With no instruction whatsoever, 
they were able to understand and adjust each control. 

The System 82 is 50% quieter than its predecessor. 

It utilizes a revolutionary Electrosurgical 
Interference Suppression Module, ESIS. In most 
cases, this device virtually eliminates RF 
interference due to electrocautery. Which means a 
more reliable triggering signal. 

We've also improved the monitor itself. We made 
it non-fade. Which gives it a clearer, more effective 
display. So you not only get a better display of patient 
data, but also of system control signals. 

But we didn't change everything. We've kept 
many of the things that made our System 80 so 
successful. 

We haven't changed the unique Datascope 
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Dual-Chamber Balloon. * In tens of thousands of 
operations, it has demonstrated that it is not only 
highly dependable, but exceptionally easy to insert. 

Our System 82 is still highly portable and can be 
operated both from AC line power and battery power. 
And optional instruments such as the EVR Cardiac 
Monitor, the 721A Single-Channel and the 740 
Dual-Channel Recorders can be used with it. 

And the new System 82 still allows you to use the 
Datascope Pulsatile Assist Device, PAD® ** The 
first and most widely used clinical device to produce 
both pulsation and counterpulsation in cardiac 
surgery. 

Even with its exceptional reliability, it’s good to 
know that the System 82 has service facilities across 
the U.S. capable of responding to an immediate 
service need within hours and capable of providing a 
comprehensive preventative maintenance and 
service program as well. 

For more information about the new Datascope 
System 82, write: Datascope Corp., Box 5-N, 
Paramus, N.J. 07652, Tel. (201) 265-8800. Or write 
Datascope B.V., Post Box 26, 3870 CA, 
Hoevelaken, Holland. 


The Datascope System 82 





**U.S. Patent Number 4,080,958 












From Lill 


y, world | 





ed 


th 


porin wi 
gram-negat 














lve 





itro activity 


IN VI 








gram- 
negative 
organisms’ 











MANDOL ~ 


Cefamandole Nafate 


Brief Summary. Consult the package literature for prescribing information. 


Indications and Usage: Mandol is indicated for the treatment of serious infec- 
tions caused by susceptible strains of the designated microorganisms in the 
diseases listed below: 

Lower respiratory infections, including pneumonia caused by Streptococ- 
cus pneumoniae (Diplococcus pneumoniae), Haemophilus influenzae, 
Klebsiella species, Staphylococcus aureus (penicillinase and non- 
penicillinase-producing). beta-hemolytic streptococci, and Proteus 
mirabilis 

Urinary tract infections caused by Escherichia coli, Proteus species (both 
indole-negative and indole-positive), Enterobacter species, Klebsiella 
species, group D streptococci (Note: Most enterococci, e.g., S. faecalis, 
are resistant), and S. epidermidis 

Peritonitis caused by E. coli and Enterobacter species 

Septicemia caused by E. coli, S. aureus(penicillinaseand non-penicillinase- 
producing), S. pneumoniae, S. pyogenes (group A beta-hemolytic 
streptococci), H. influenzae, and Klebsiella species 

Skin and skin-structure infections caused by S. aureus (penicillinase and 
non-penicillinase-producing), S. pyogenes (group A beta-hemolytic 
streptococci), H. influenzae, E. coli, Enterobacter species, and P mirabilis 

Clinical microbiologic studies in nongonococcal pelvic inflammatory dis- 
ease in females, lower respiratory infections, and skin infections frequently 
reveal the growth of susceptible strains of both aerobic and anaerobic orga- 
nisms. Mandol has been used successfully in these infections in which several 
organisms have been isolated. Most strains of Bacteroides fragilis are resistant 
in vitro; however, infections caused by susceptible strains have been treated 
successfully. 

Specimens for bacteriologic cultures should be obtained in order to isolate 
and identify causative organisms and to determine their susceptibilities to 
cefamandole. Therapy may be instituted before results of susceptibility studies 
are Known; however, once these results become available, the antibiotic treat- 
ment should be adjusted accordingly. 

In certain cases of confirmed or suspected gram-positive or gram-negative 
sepsis or in patients with other serious infections in which the causative orga- 
nism has not.been identified, Mandol may be used concomitantly with an 
aminoglycoside (see Precautions). The recommended doses of both anti- 
biotics may be given, depending ontheseverity of the infection and the patient's 
condition. The renal function of the patient should be carefully monitored, 
especially if higher dosages of the antibiotics are to be administered. 

Antibiotic therapy of beta-hemolytic streptococcal infections should con- 
tinue for at least ten days 


Contraindication: Mandol is contraindicated in patients with Known allergy to 
the cephalosporin group of antibiotics. 


Warnings: BEFORE THERAPY WITH MANDOL IS INSTITUTED, CAREFUL IN- 
QUIRY SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS 
HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, 
PENICILLINS, OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN CAU- 
TIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMON- 
STRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. SERIOUS 
ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 

In newborn infants, accumulation of other cephalosporin-class antibiotics 
(with resulting prolongation of drug half-life) has been reported. 


Precautions: Although Mandol rarely produces alteration in kidney function, 
evaluation of renal status is recommended, especially in seriously ill patients 
receiving maximum doses. 

Prolonged use of Mandol may result in the overgrowth of nonsusceptible 
organisms. Careful observation of the patient is essential. If superinfection 
occurs during therapy, appropriate measures should be taken. 

Nephrotoxicity has been reported following concomitant administration of 
aminoglycoside antibiotics and cephalosporins. 

A false-positive reaction for glucose in the urine may occur with Benedict's 
or Fehling's solution or with Clinitest" tablets but not with Tes-Tape" (Glucose 
Enzymatic Test Strip, USP, Lilly). There may be a false-positive test for pro- 
teinuria with acid and denaturization-precipitation tests 

Usage in Pregnancy — Safety of this product for use during pregnancy has 
not been established. 

Usage in Infancy — Mandol has been effectively used in this age group, but 
all laboratory parameters have not been extensively studied in infants between 
one and six months of age; safety of this product has not been established in 
prematures and infants under one month of age. Therefore, if Mandol is ad- 
ministered to infants, the physician should determine if the potential benefits 
outweigh the possible risks involved. 


Adverse Reactions: Hypersensitivity — Maculopapular rash, urticaria, eosino- 
philia, and drug fever have been reported. These reactions are more likely to 
occur in patients with a history of allergy. particularly to penicillin. 

Blood — Neutropenia and thrombocytopenia have been reported rarely 


Some individuals have developed positive direct Coombs tests during treat- 
ment with the cephalosporin antibiotics. 

Liver—‘ransient rise in SGOT, SGPT, and alkaline phosphatase levels has 
been noted. 

Kidney— Decreased creatinine clearance has been reported in patients 
with prior renal impairment. As with some other cephalosporins, transitory 
elevations of BUN have occasionally been observed with Mandol; their fre- 
quency ircreases in patients over 50 years of age. In some of these cases, 
there was also a mild increase in serum creatinine. 

Loca! Reactions — Pain on intramuscular injection is infrequent. Thrombo- 
phlebitis occurs rarely. 


Administration and Dosage: Dosage — Adults: The usual dosage range for 
cefamandole is 500 mg to 1 gm every four to eight hours 

In infections of skin structures and in uncomplicated pneumonia, a dosage 
of 500 ma every six hours is adequate. 

In uncomplicated urinary tract infections, a dosage of 500 mg every eight 
hours is sufficient. In more serious urinary tract infections, a dosage of 1 gm 
every eight hours may be needed 

In severa infections, 1-gm doses may be given at four to six-hour intervals. 

Inlife-threatening infections or infections due toless susceptible organisms, 
doses up to 2 gm every four hours (i.e., 12 gm per day) may be needed. 

Infants end Children: Administration of 50 to 100 mg/kg/day in equally 
divided doses every four to eight hours has been effective for most infections 
susceptible to Mandol.This may be increased to a total daily dose of 150 mg/kg 
(not to exceed the maximum adult dose) for severe infections. (See Warnings 
and Precautions for this age group.) 

Note: As with antibiotic therapy in general, administration of Mandol should 
be continued for a minimum of 48 to 72 hours after the patient becomes 
asymptcmatic or after evidence of bacterial eradication has been obtained; a 
minimum of ten days of treatment is recommended in infections caused by 
group A beta-hemolytic streptococci in order to guard against the risk of rheu- 
matic fever or glomerulonephritis; frequent bacteriologic and clinical ap- 
praisal is necessary during therapy of chronic urinary tract infection and may 
be required for several months after therapy has been completed; persistent 
infections may require treatment for several weeks; and doses smaller than 
those indicated above should not be used. 

Impairec Renal Function — When renal function is impaired, a reduced 
dosage must be employed and the serum levels closely monitored. After an 
initial dose of 1to 2 gm (depending on the severity of infection), a maintenance 
dosage schedule should be followed (see chart). Continued dosage should 
be determ ned by degree of renal impairment, severity of infection, and 
susceptibility of the causative organism 
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When only serum creatinine is available. the following formula (based on 
sex, weight. and age of the patient) may be used to convert this value into 
creatinine clearance. The serum creatinine should represent a steady state 
of renal function 


Weight (kg) x (146 — age) 
72 « serum creatinine 
Females: 0.9 x above value 


How Supplied: Vials Mandol* (cefamandole nafate, Lilly), for Injection, 500 mg 
and 1 gm ‘equivalent to cefamandole activity), 10-ml size, in packages of 1 and 
Traypaks™ ( multivial cartons, Lilly) of 25, 2 gm (equivalent to cefamandole 
activity), 20-ml size, in packages of 1 and Traypaks of 10; 1 and 2 gm (equiva- 
lent to cefamandole activity), 100-ml size, in Traypaks of 10 [101378] 
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Late Right Heart Reconstruction 
Following Repair of Tetralogy of Fallot 


D. Craig Miller, M.D., Stephen J. Rossiter, M.D., Edward B. Stinson, M.D., 


Philip E. Oyer, M.D., Bruce A. Reitz, M.D., 


ABSTRACT Twenty-two 
underwent a total of 28 reoperative procedures after 
initial surgical repair of tetralogy of Fallot. Sixteen 
of the patients were considered to have unfavorable 
anatomy of the right ventricular outflow tract 
(RVOT) or pulmonary artery at the time of initial 


symptomatic patients 


repair. Pulmonary or tricuspid valve replacement, or 
replacement of both valves, utilizing a xenograft 
bioprosthesis was performed in 1 of the 22 initial 
repairs, 7 of the 22 first reoperations, and 5 of the 6 
second reoperations. Ultimately, 14 patients received 
transannular RVOT patches. The interval between 
the first and second reoperations for 6 patients who 
required 2 late reconstructive procedures was 5.8 
years. 

No operative deaths occurred. There were 2 late 
deaths (1 sudden and 1 due to aspiration). Actuarial 
survival probability (+ standard error of the mean) 
16 years after initial repair was 72 + 21%. Eighteen 
of the 20 current survivors in the present series are 
completely asymptomatic without physical restric- 
tions; the other 2 are considered to be in New York 
Heart Association Functional Class II. No xenograft 
bioprosthetic dysfunction has occurred to date, but 
cumulative valve follow-up is limited (13 patient- 
years). 

In selected patients, earlier pulmonary or tricuspid 


valve replacement or replacement of both of these 
valves can provide some degree of protection 


against recurrent deterioration. 


Current expectations following intracardiac re- 
pair of tetralogy of Fallot include low opera- 
tive risk, abolition of arterial desaturation and 
polycythemia, prevention of secondary compli- 
cations including cerebral thromboses and 
abscesses, the capability to engage in physically 
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unrestricted lifestyles, and relatively normal life 
expectancy. The vast majority of patients attain 
the first four of these benefits [3, 7, 31, 36]. The 
"natural" history of surgically repaired tetral- 
ogy of Fallot still requires additional decades of 
observation before final conclusions can be 
formulated; however, there is little doubt that 
surgical treatment has dramatically improved 
life expectancy [2, 22]. Reports of late sudden 
death [12, 13, 32] and congestive failure [33, 34] 
serve as reminders that surgical repair of tetral- 
ogy of Fallot may be imperfect in some cases. 
Fortunately, patients in whom congestive heart 
failure (CHF) develops after initial repair of te- 
tralogy of Fallot usually have surgically correct- 
able lesions [34]. This study outlines the experi- 
ence at Stanford University Medical Center 
with 22 patients who required reoperation due 
to symptomatic deterioration after surgical re- 
pair of tetralogy of Fallot. Patients reoperated 
on solely for isolated residual shunts were ex- 
cluded. 


Clinical Material and Methods 

Twenty-two patients (14 male and 8 female 
patients) underwent a second operation 18 
months to 18 years (mean, 5.5 years) following 
initial surgical repair of tetralogy of Fallot. The 
original surgical procedures were performed 
between 1959 and 1976. Average age at first 
reoperation was 13.4 years (range, 3 to 41 
years). Four patients had not been operated on 
initially at Stanford. Six patients required a sec- 
ond reoperation 1 month to 12 years (mean, 5.8 
years) following the first reoperation. Average 
age at the second late reconstruction was 17 
years (range, 11 to 23 years). A total of 28 late 
procedures, therefore, were performed. In four 
instances, 1 reoperation was carried out at an- 
other center, while either the initial repair or a 
second late reconstruction, or both, was per- 
formed at this institution (see acknowledge- 
ments). 
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Initial Repair 

Prior to initial repair, 9 of the 22 patients (4196) 
had a Blalock-Taussig shunt. Sixteen patients 
(73%) were judged to have complex or relatively 
unfavorable anatomy of the right ventricular 
outflow tract (RVOT) or pulmonary artery: 4 
patients, pulmonary atresia; 1 patient, pulmo- 
nary atresia and absent left pulmonary artery; 1, 
agenesis of the pulmonary valve and pulmo- 
nary artery aneurysms; 1, peripheral pulmo- 
nary artery branch stenosis; and 9, hypoplastic 
pulmonary annulus or pulmonary arteries. 
Average age was 7.9 years; 14 patients were less 
than 6 years old. Five ventricular septal defects 
(VSD) were closed primarily in 1962 and 1963; 
16 were closed with prosthetic patches. The 
VSD in the remaining patient,” operated on in 
1970, was not closed because there was concern 
regarding the diminutive size of his pulmonary 
arteries [25]. 

Thirteen patients (59%) received RVOT 
patches (7 pericardium, 3 Dacron, 2 Teflon, 1 
Ivalon) at initial repair; 10 of these patches ex- 
tended across the pulmonary annulus. There- 
fore, 45% (10 of 22) of the patient population 
initially required a transannular RVOT patch. 
This fraction is somewhat higher than the 33% 
figure found in our overall series of patients 
with tetralogy of Fallot [8]. In addition to the 9 
patients who had Blalock-Taussig shunts, 
which were ligated at the time of initial repair, 
7 patients underwent concomitant closure of an 
atrial septal defect (ASD), 2 underwent ligation 
of a patent ductus arteriosus (PDA), and 2, li- 
gation of multiple large bronchial or para- 
mediastinal aortopulmonary collaterals. One 
13-year-old patient also required tricuspid 
valve replacement with a 31 mm xenograft 
bioprosthesis* due to destruction of the native 
valve by previous endocarditis. 

Nine of the 22 patients (41%) sustained vari- 
able degrees of right or left ventricular failure, 
or both, in the early postoperative period fol- 
lowing initial repair. This high incidence of 
postoperative CHF is unusual following repair 
of tetralogy of Fallot [7, 8, 31, 34]. Six of these 9 
patients (67%) were considered to have par- 
ticularly unfavorable RVOT anatomy. The pro- 


*Patient operated on by Dr. Edward A. Smeloff, Sac- 
ramento, CA. 
tHancock Laboratories, Anaheim, CA. 


portion of patients in this subset with early 
CHF who had complex anatomy or required 
transannular RVOT was not significantly dif- 
ferent (p = 0.4) from those patients without 
early CHF. 

Thirteen patients (59%) were judged to have 
moderate or severe pulmonary valve insuffi- 
ciency following initial repair. Four patients 
had mild insufficiency, and 5 were considered 
to have no surgically induced pulmonary valve 
insufficiency. 


Late Reconstructions 
All patients evidenced some degree of clinical 
improvement for a finite period following ini- 
tial repair. The 9 patients with early postopera- 
tive CHF were managed relatively easily with 
digoxin and diuretics, and improved for a lim- 
ited time. This result was also seen following 
first reoperation in 5 of the 6 patients who 
eventually deteriorated again and required a 
second reconstruction. 

In these patients, cardiomegaly frequently 
appeared following initial repair, occasionally 
to an extreme degree (Fig 1). Symptoms of easy 


Fig 1. Posteroanterior chest roentgenogram made before 
second reoperation. Massive four-chamber cardiac di- 
latation is present. This patient had undergone initial 
repair 13 years earlier; orthotopic pulmonary valve re- 
placement and plication of the dilated right ventricle 
had been performed 5 years previously. Second recon- 
struction consisted of tricuspid valve replacement and 
reduction right atrioplasty. 
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Table 1. Individual Anatomical Lesions Responsible for Symptomatic Deterioration and Late Reoperation 


First Second 
Reconstruction Reconstruction Total 
(N = 22) (N = 6) (N = 28) 
No. of Percent No. of Percent No. of Percent 

Lesion Patients of Patients Patients of Patients Patients of Patients 
RVOT AP 19 86 5 83 24 86 
VSD 8 36 0 0 8 29 
ASD 3 14 2 33 5 18 
TR 3 14 3 50 6 21 
Ao—PA shunt? 3 14 0 0 3 11 
RVOT aneurysm 4 18 1 17 5 18 
PA aneurysm 1 5 0 0 1 4 
Absent left PA 1 5 0 0 1 4 





*Native or surgical. 


RVOT AP = important stenosis of the right ventricular outflow tract; VSD = ventricular septal defect; ASD = atrial septal 
defect; TR = tricuspid regurgitation; Ao-PA = aortopulmonary; PA = pulmonary artery. 


Table 2. Correlation between Symptoms and Anatomical Pathology at Reoperation in 28 Patients 
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“Second reconstruction. 


CHF = congestive heart failure; RVOT AP = important stenosis of the right ventricular outflow tract; VSD = ventricular 
septal defect; TR = tricuspid regurgitation; ASD = atrial septal defect; RV = right ventricular; LPA = left pulmonary artery; 


Ao—PA = aortopulmonary. 


fatigability and exercise intolerance prompted 
10 of the first and 2 of the second reoperations. 
Exertional cyanosis in conjunction with exer- 
cise tolerance were the presenting symptoms in 
5 of the first and 1 of the second reoperations. 
CHF with or without cyanosis mandated 7 of 


the first and 3 of the second reoperations. 
Paroxysmal supraventricular tachyarrhythmias 
were a major problem in 6 patients. 

Multiple combinations of residual, recurrent, 
or new anatomical lesions were responsible for 
late symptomatic deterioration (Tables 1, 2). 
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Fig 2. Angiogram in the frontal projection following in- 
nominate artery injection 31/2 years after initial repair. 
The large, dilated native paramediastinal collateral ves- 
sel (open arrow) originates from the proximal right sub- 
clavian artery and communicates with the distal right 
pulmonary arterial tree (closed arrow). 


Important stenosis of the RVOT was defined as 
a cumulative peak systolic gradient of 40 torr or 
more across all levels of obstruction. Thirteen of 
the 24 gradients were greater than 70 torr. 
Average residual RVOT gradient was 66 torr (24 
patients). A residual VSD resulting in a right- 
to-left shunt or a left-to-right shunt resulting ina 
pulmonary/systemic flow ratio (Q,/Q,) = 1.5:1 
was judged to be functionally important. Mean 
Q,/Q, prior to first reoperation was 1.48: 1; it was 
0.85:1 prior to second reoperation. Shunting 
through isolated or associated ASDs and aor- 
topulmonary collateral vessels had some impact 
on these flow rates in some patients. Important 
residual VSDs were found in 8 patients at first 
reoperation, but in no patient at second reopera- 
tion. Tricuspid regurgitation was deemed func- 
tionally important when physical signs were pres- 
ent and severe regurgitation was documented by 
catheterization or angiography. It should be 
noted that 2 of the 3 patients with tricuspid re- 
gurgitation at the time of second reconstruc- 
tion were not considered to have it at the time 
of the first reoperation. Two RVOT aneurysms 
were true aneurysms of the right ventricle, two 
others were aneurysmal dilatations of transan- 
nular RVOT pericardial patches, and one was a 


false aneurysm in a patient who had extruded 
an infected Ivalon RVOT patch through a 
draining sinus tract 17 years previously. The 
large residual or recurrent aortopulmonary 
shunts were the result of a recanalized Blalock- 
Taussig anastomosis and PDA in 1 patient, and 
native paramediastinal collateral vessels in 2 
patients (Fig 2). The average systolic right 
ventricle/left ventricle pressure ratio was 0.87 
prior to first reoperation (22 patients) and 0.76 
prior to second reconstruction (6 patients). 
Table 2 illustrates the correlations between 
presenting symptoms and combinations of de- 
fects encountered. Isolated residual or recurrent 
RVOT obstruction or both conditions were usu- 
ally associated with diminished exercise toler- 
ance. The more severe symptomatic states were 
associated with various combinations of de- 
fects. Furthermore, those patients undergoing a 
third intracardiac procedure (second recon- 
struction) usually harbored more complex com- 
binations of lesions, exclusive of VSDs. 


Operative Techniques 

Reoperations were generally performed utiliz- 
ing low-flow, low-pressure cardiopulmonary 
bypass with modest systemic hypothermia (30° 
to 32°C) and ascending aortic cannulation. In 
the few situations in which aortic cross- 
clamping was necessary, profound topical 
hypothermia was employed for myocardial 
protection [39]. Blalock-Taussig shunts were 
isolated and ligated before bypass was begun. 
In 2 patients, purposeful ligation of persistent 
or recurrent aortopulmonary collateral channels 
was a principal goal at reoperation. A single 
median sternotomy was employed in all pa- 
tients. Generally, large volumes of bronchial 
blood flow were encountered at reoperation, 
mandating left atrial or ventricular decompres- 
sion in most patients. 

Table 3 summarizes the spectrum of opera- 
tive procedures carried out between 1964 and 
1978. A total of 28 late reconstructions was per- 
formed. Six of the residual VSDs required new 
knitted Teflon patches. All ASDs were closed 
primarily. Pericardium (when available) was 
the preferred transannular patch material in 
younger patients; woven Dacron was used in 
others. 
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Table 3. Summary of Reconstructive 
Operative Procedures (N = 28) 


Number 
Procedure Performed 
Infundibulectomy 8 
+ RV aneurysmectomy + RVOT 4? 
patch 
+ Pulmonary valvotomy 3 
+ Tricuspid valvuloplasty + RVOT 1 
patch 
VSD repair + infundibulectomy si 
+ Pulmonary valvotomy 5 
+ RVOT patch 1 
+ RVOT patch + ASD 1 
ASD repair 1 
Left PA reconstruction 1 
PVR + RVOT patch 8 
+ Infundibulectomy + ASD 2a 
+ Reduction pulmonary arterio- 2 
plasty 
+ Ao>PA collateral ligation 1 
+ RV plication 1 
+ Infundibulectomy + VSD + RV 1 
aneurysmectomy 
+ Infundibulectomy 1° 
TVR 2 
+ ASD ag 
+ Reduction atrioplasty 
PVR + TVR 2 


+ RVOT Patch + Ao—PA collateral 1 
ligation + reduction pulmonary 
arterioplasty 


+ Reduction atrioplasty P 


“One was a second reconstruction. 


RV = right ventricle; RVOT = right ventricular outflow 
tract; VSD = ventricular septal defect; ASD = atrial septal 
defect; PA = pulmonary artery; PVR = pulmonary valve 
replacement; Ao>PA = aortopulmonary; TVR = tricuspid 
valve replacement. 


Twelve patients did not receive a transannu- 
lar RVOT patch at the time of initial construc- 
tion; 2 of these 12 subsequently received a 
transannular patch at the time of first reopera- 
tion, and 2 others required a transannular patch 
during a second reoperation. Therefore, one- 
third (4 of 12) of the patients without initial 
transannular patches later required a patch to 
alleviate residual RVOT stenosis. Ultimately, 
77% (17 of 22) of the entire patient population 
underwent RVOT patch enlargement; 64% (14 
of 22) were transannular (Fig 3). At the time of 
first reoperation, 8 of the 10 patients with origi- 
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Fig 3. Initial and ultimate distribution of right ven- 
tricular outflow tract patch reconstructions. (NS = not 
statistically significant.) 
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Fig 4. Frequency of pulmonary valve (PVR) or 
tricuspid valve replacement (TVR) or replacement of 
both valves at the time of initial repair, first recon- 
struction, and second reconstruction. Hancock porcine 
xenograft bioprostheses were utilized exclusively. 


nal RVOT transannular patches required revi- 
sion or extension of these patches. This was 
also necessary in 1 other patient during a sec- 
ond reoperation. Accordingly, 9096 (9 of 10) of 
original transannular patches later required re- 
vision or extension. In addition, new patch re- 
constructions confined to the infundibulum or 
pulmonary arteries were necessary in 3 other 
patients. In 8 of the 9 patients undergoing 
orthotopic pulmonary valve replacements, a 
transannular gusset was necessary to accom- 
modate the bioprosthesis. In the remaining pa- 
tient, a 30 mm Hancock valved conduit was 
used at the time of second reoperation. 

As depicted in Figure 4, the proportion of 
patients undergoing pulmonary or tricuspid 
valve replacement or both became significantly 
larger (p = 0.03 and p = 0.04, respectively) as 
additional late reconstructions became neces- 
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sary. Considering all 50 operative procedures, 
13 procedures in 11 patients involved valve 
replacement. A reconstructive tricuspid val- 
vuloplasty was possible in 1 other instance. As 
already mentioned, 1 patient required tricuspid 
valve replacement at the time of initial repair; 
reoperation was necessary 2 years later due to 
CHF and frequent episodes of supraventricular 
tachyarrhythmias. Persistent aortopulmonary 
collateral flow and aneurysmal dilatation of a 
pericardial transannular RVOT patch were 
found at recatheterization. The tricuspid bio- 
prosthesis was functioning normally. Pulmonary 
valve replacement was performed, and the 
tricuspid bioprosthesis was replaced prophy- 
lactically at that time since small nodules of cal- 
cium were observed on the leading edges of the 
leaflets. Such precocious fibrous thickening 
or calcification of xenograft valve substitutes 
in children in the mitral position has been 
troublesome in our experience [23]. 

Seven of the 9 patients with CHF following 
initial repair later required 1 reoperation (5 of 
which included a pulmonary valve replace- 
ment), while 2 later underwent 2 reoperations. 
Ultimately, 5 of these 9 patients had a pulmo- 
nary valve replacement and 1, pulmonary and 
tricuspid valve replacements. 

In summary, a total of 11 patients left the 
hospital following the last reconstruction with 
14 bioprosthetic valves (10, pulmonary and 4, 
tricuspid). Only 2 to 3 months of anticoagula- 
tion therapy was advised. 


Patient Follow-up and Statistical Methods 

Follow-up was compiled over a 1-month closing 
interval terminating on December 4, 1978. Pa- 
tients (or their parents) or their primary physi- 
cians or both parties were contacted, and cur- 
rent clinical status was ascertained. No patient 
was lost to follow-up. The average interval be- 
tween the date of initial repair and follow-up 
was 11.5 years (range, 2 to 19 years); a cumula- 
tive total of 353 patient-years was available for 
analysis. Ninety-eight patient-years of follow- 
up were accumulated since the date of last re- 
operation, and averaged 4.4 years (range, 1 
month to 14 years). Survival was calculated by 
standard nonparametric actuarial methods 
(Kaplan-Meier) and compared by means of the 


Gehan modification of the Wilcoxon test. Other 
comparative data were analyzed by Student's 
t-test, the Fischer exact test for small sample 
sizes, or chi-square contingency table. 


Results 

Morbidity, Mortality, and Functional Result 

No operative deaths occurred following the 28 
late reconstructive procedures. Major early 
complications included hemorrhage requiring 
operative control (2 patients), wound infection 
(1 patient), respiratory insufficiency (1 patient), 
and right phrenic paresis combined with left 
(unilateral) pulmonary edema (1 patient). No 
pulmonary complications occurred in those pa- 
tients whose large aortopulmonary collaterals 
were ligated. No untoward technical problems 
with repeat sternotomy or ascending aortic 
cannulation were encountered. However, mas- 
sive right atrial or ventricular hypertrophy or 
dilatation and dense adhesions mandated tedi- 
ous, careful dissection. After reoperation, no 
patient sustained persistent exacerbation of 
preoperative CHF. Digoxin was continued 
postoperatively in most patients for a short pe- 
riod. Two patients with severe biventricular 
CHF prior to reoperation have continued to re- 
quire diuretics postoperatively. 

Eighteen of the 20 current survivors are 
totally asymptomatic and considered to be in 
New York Heart Association (NYH A) Functional 
Class I. The remaining 2 are in NYHA Class II 
and are minimally limited by persistent CHF. 
In 1 of these 2 patients, a ‘Swiss cheese" type of 
ventricular septum with multiple fenestrations 
was corrected at another institution. This pa- 
tient continues to have minimal left-to-right 
shunting (Q,/Q, = 1.25:1) with no residual 
RVOT stenosis (right ventricle/left ventricle 
systolic pressure ratio of 0.25) and is also 1 of 3 
patients with atrial arrhythmias. The other pa- 
tient with persistent CHF also has paroxysmal 
atrial fibrillation; this patient underwent tri- 
cuspid valve replacement and reduction atrio- 
plasty 13 years after initial repair (see Fig 1). 
Pulmonary valve replacement and right ven- 
tricular plication had been performed 5 years 
previously at first reoperation. 

One 3-year-old patient with pulmonary valve 
agenesis and massive pulmonary artery aneu- 
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Fig 5. Posteroanterior chest roentgenogram of a 3- 
year-old patient prior to first reoperation. Large aneu- 
rysms of the main and left pulmonary arteries are ap- 
parent. Pulmonary valve agenesis had been found at the 
time of initial repair 2 years previously. 


rysms had suffered from substantial airway 
problems since birth. Prior to reoperation, this 
patient had been essentially confined to a 
neonatal nursery for 2 years (Fig 5). She con- 
tinued to have respiratory insufficiency fol- 
lowing reduction pulmonary arterioplasty and 
orthotopic pulmonary valve replacement. Pul- 
monary failure caused her death 3 months later. 

No new supraventricular or ventricular ar- 
rhythmias or complete heart block were evident 
following reconstruction. However, 3 patients 
were On a regimen of antiarrhythmic agents for 
various supraventricular dysrhythmias at the 
time of follow-up. One of them also had chronic 
premature ventricular contractions in addition 
to episodes of sinus arrest documented on am- 
bulatory monitoring. Left anterior hemiblock 
was not evident on electrocardiogram. On sev- 
eral maximal treadmill exercise tests, no pro- 
pensity for malignant degeneration of the 
premature ventricular contractions had been 
apparent, and no antiarrhythmic therapy had 
been instituted. Insertion of a transvenous pro- 
grammable pacemaker 1 year after second reop- 
eration (ASD and pulmonary valve replace- 
ment) was performed due to presyncopal spells 
thought to be related to intermittent sinus ar- 
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rest. Repeat catheterization at that time re- 
vealed a cardiac output of 5.4 liters per minute, 
a right ventricle/left ventricle systolic pressure 
ratio of 0.55, and a 20 torr peak gradient across a 
23 mm (modified orifice)* bioprosthesis in the 
pulmonary position. Four months later the pa- 
tient collapsed suddenly and was resuscitated 
by a paramedic team, who documented ven- 
tricular fibrillation on their arrival. Unfortu- 
nately, she had sustained irreversible cerebral 
damage and died shortly thereafter in hospital. 
Postmortem examination revealed the original 
and secondary repairs to be intact. The xeno- 
graft bioprosthesis appeared normal. 


Late Survival and Additional Reoperation 
Figure 6A depicts actuarial survival for this se- 
lected subset of 22 patients from the time of 
initial repair of tetralogy of Fallot. For perspec- 
tive, the survival curve of our overall series (as 
of June, 1976) is also illustrated; however, the 
two groups clearly are not directly comparable. 
Sixteen-year actuarial survival probability (+ 
SEM) for the subset of patients requiring 1 or 
more late right heart reconstructive procedures 
was 72 + 21%, which contrasts with 89 + 5% 
for the overall series. Figure 6B reflects the actu- 
arial probability of being free from a second 
reoperation after undergoing 1 late reconstruc- 
tion. It is apparent that the first reconstructive 
attempts in these challenging patients did not 
provide a durable satisfactory result in all of 
them. The 6 patients who had a second reop- 
eration equate to a linearized risk of second 
reconstruction of 6% per patient-year. Five of 
these 6 patients eventually had tricuspid valve 
or pulmonary valve replacement at the time 
of second reconstruction. For perspective, but 
again not for comparative purposes, the inci- 
dence of reoperation for our overall series (as of 
1976) is also illustrated. In this larger series of 
232 patients (222 operative survivors) operated 
on between 1960 and 1976, 11 patients (10 of 
whom are included in this present study) have 
required late reoperation, a linearized risk of 
0.9% per patient-year. 


*Model 250-composite xenograft bioprosthesis, Hancock 
Laboratories, Anaheim, CA. 


246 The Annals of Thoracic Surgery Vol 28 No 3 September 1979 


e—e STUDY POPULATION (N = 22) 


O—O OVERALL STANFORD TETRALOGY 
SERIES (N = 232) 


PERCENT SURVIVAL + SEM 





0 2 4 6 8 10 12 14 16 18 20 


YEARS POSTOP 










A 

100 
= 
WW 
v 80 
a | 
o 
z 
& 60 
— 
& 
u 40 H 4—4 STUDY POPULATION (N = 22) 
O ACTUARIAL PROBABILITY FOLLOWING 
- FIRST RECONSTRUCTION OF BEING 
e FREE OF SECOND RECONSTRUCTION 
Q 20 [^ AA OVERALL STANFORD TETRALOGY SERIES 
^s (N = 232) 

0 
0 2 4 6 8 10 12 14 16 
YEARS POSTOP 

B 


Fig 6. (A) Actuarial survival curves depicting survival 
for the 22 patients described in this report and for a 
larger series of 232 patients with tetralogy of Fallot op- 
erated on at Stanford University Medical Center. 
Starting date is the time of initial repair. Confidence 
bars imply + 1 standard error of the mean (SEM). 
Numbers in parentheses indicate number of patients re- 
maining at risk in the actuarial analysis. (B) Actuarial 
curve illustrating the probability that a patient will re- 
quire no reoperation after the first reconstruction (sec- 
ond intracardiac procedure). For perspective, the second 
curve depicts this probability after initial repair in a se- 
ries of 232 patients. 


Valve Replacement and Recatheterization 

Five patients have been recatheterized at an 
average of 5 years following last reoperation. 
Two were evaluated because of persistent mild 
symptoms, and three had routine catheteriza- 
tion. Average right atrial mean pressure was 6 
torr, average RVOT gradient was 27 torr, mean 
right ventricle/left ventricle systolic pressure 
ratio was 0.5, and mean O,/Q, was 1.1:1 (only 1 
patient had a residual shunt). Only 3 patients 
with xenograft valves have been recatheterized. 
A peak gradient of 20 torr (cardiac output = 5.4 
liters per minute) was documented across a 23 


mm modified orifice bioprosthesis in the pul- 
monary position 13 months postoperatively. A 
gradient of 30 torr (cardiac output = 3.9 liters 
per minute) was found across a 25 mm standard 
model 242 bioprosthesis in the pulmonary po- 
sition 52 months postoperatively. A peak gra- 
dient of 6 torr (at maximum inspiration) was 
observed across a 31 mm xenograft in the tri- 
cuspic position (cardiac output = 4.1 liters per 
minute). To date, no xenograft bioprosthetic 
dysfunction, endocarditis, or valve-related 
mortality has been suspected or documented. 
However, only a very limited follow-up is 
available (13 patient-years) for these 11 pa- 
tients. No bioprosthetic or peribioprosthetic 
regurgitation has been clinically detected or 
documented at catheterization. 


Remaining Defects 

As already mentioned, 1 patient was thought to 
have a Swiss cheese type of ventricular septum 
and continues to have a small left-to-right 
shunt. Another 18-year-old patient has been 
catheterized on three occasions since his first 
reoperation in 1965. He is asymptomatic but 
has a RVOT gradient of 60 torr, which has not 
progressed; the right ventricle/left ventricle 
systolic pressure ratio is 0.79 both at rest and 
with exercise. Left ventricular function is nor- 
mal. Second reoperation is not under consider- 
ation at present. Two patients were found at the 
time of routine recatheterization to harbor 
minor defects: 1 had a patent foramen ovale and 
one had minimal angiographic tricuspid regur- 
gitation. Both are asymptomatic and are being 
followed expectantly. One additional patient 
is believed to have mild mitral regurgitation 
on the basis of physical examination. Due to 
his asymptomatic status, recatheterization has 
been deferred. 

Excluding the 8 late survivors with pulmo- 
nary bioprostheses and the 2 late deaths, 9 of 
the remaining 12 patients have free pulmonary 
valve insufficiency. 


Comment 

The concept of feasibility of reoperation after 
unsuccessful repair of tetralogy of Fallot [26, 29] 
appeared approximately 5 years after the intro- 
duction of techniques for intracardiac repair by 
Lillehei and associates [24]. Mortality at reop- 
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eration in these two early reports was qute 
substantial (100% and 29%, respectively), but 
reoperation currently is accompanied by risks 
no greater than those associated with the origi- 
nal operative procedure [4, 6, 9, 37]. Fcrtu- 
nately, the vast majority of patients are asymp- 
tomatic after intracardiac repair of tetraiogy 
of Fallot, albeit many continue to have -nild 
anatomical, physiological, and electrocardio- 
graphic abnormalities [3, 5, 31, 34]. Indeed, 
successful repair has been shown to result in 
normal left and right ventricular function [2, 15, 
33, 34]. However, unsuccessful repair is asso- 
ciated with biventricular dysfunction [31. 33, 
34] and can be a harbinger of late sudden ceath 
[12]. 

The frequency and distribution of individual 
lesions responsible for late reoperation in this 
series were similar to those reported by Cas- 
taneda and colleagues [6]. However, tricus- 
pid regurgitation, persistent aortopulmonary 
shunts, and second reoperations were not 
mentioned in that report. Additionally, only 
25% (10 of 40) of patients in this particular se- 
ries from Boston Children’s Hospital hac ini- 
tially required a transannular RVOT satch 
compared with 59% of our patients. Therefore, 
it may be that the study population reported 
here contained a larger proportion of pazients 
with atresia or severe hypoplasia of the palmo- 
nary conus, pulmonary valve annulus, or pul- 
monary arteries. We believe that it is princi- 
pally this subset of patients with tetralcgy of 
Fallot who are prone to develop late pro»lems 
mandating reoperation. Palliative central tech- 
niques have been developed that produce en- 
largement of small pulmonary arteries ir such 
patients [21, 25, 27], but a second definitive 
operative procedure is then obligatory if -epair 
is to be attained. Furthermore, no long-term 
follow-up data with such staged strategy are 
currently available. Attempts to establisF right 
ventricle-pulmonary artery continuity using 
valved conduits have been associated with a 
substantial risk (16%) of reoperation within 5 
years [1]. 

Controversy concerning the postoperative 
fate of the RVOT in tetralogy of Fallot and the 
necessity for transannular RVOT patch recon- 
struction has existed for almost two decades [3, 
4, 6-8, 14, 16, 17, 20, 28, 31, 41]. With few ex- 


ceptions [14, 20], most investigators currently 
believe that liberal utilization of transannular 
RVOT patches coupled with radical infun- 
dibuloplasty and pulmonary valvectomy are 
preferable to accepting residual RVOT stenosis 
[4, 6, 7, 28, 31]. This trend favoring the use of 
RVOT patches has become more pronounced in 
recent years because intracardiac repair is now 
being performed more frequently in the 
younger age groups [4, 28]. Fifty-nine percent 
(13 of 22) of patients in the present series ini- 
tially required RVOT patches; 7796 (10 of 13) of 
these were transannular. However, a substan- 
tial degree of residual RVOT stenosis was still 
present in 86% (19 of 22); moreover, 77% (17 of 
22) of the patient population ultimately needed 
RVOT patch reconstruction, 82% (14 of 17) 
being transannular. We continue to advocate 
liberal application of RVOT patch reconstruc- 
tion, particularly in patients such as those in 
this report and in infants. We and others [1, 4, 
6, 8, 19, 31, 38] contend that residual RVOT 
obstruction is more of a potential threat than 
the sequelae of surgically induced pulmonary 
valve insufficiency. Nevertheless, we acknowl- 
edge that the truly long-term effects of this in- 
sufficiency are not fully defined and may not be 
totally benign [3, 6, 15, 19]. This is clearly true 
when other residual defects coexist, as was the 
case in 7796 (17 of 22) of the first reconstructions 
in the present series. 

The incidence of RVOT aneurysm formation 
is reported to range between 5 and 25% (4, 6, 
17, 19, 20, 35, 37]. Some groups have aban- 
doned the use of pericardium [37], while others 
have suggested that nothing but pericardium 
be used [19]. Residual RVOT obstruction or 
large persistent aortopulmonary shunts coupled 
with pulmonary valve insufficiency were re- 
sponsible for the four true aneurysms in this 
present series. The fifth was a false aneurysm, 
which occurred when an Ivalon RVOT patch 
was later extruded. We believe that residual 
RVOT stenosis with or without other residual 
defects is more instrumental in the develop- 
ment of RVOT aneurysms than is the extent of 
the patch or the material used. We continue to 
advocate that all levels of obstruction be re- 
lieved to the greatest extent possible. Pericar- 
dium is preferred in younger children and 
adolescents; woven Dacron is a satisfactory 
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substitute when pericardium is unavailable and 
in older patients. The reconstruction should be 
tailored to the individual findings in each pa- 
tient. When orthotopic pulmonary valve re- 
placement is necessary, composite patches 
(pericardium distal to the bioprosthesis and 
Dacron proximally) function satisfactorily. 

Our philosophy concerning initial pulmo- 
nary valve and tricuspid valve replacement has 
been basically conservative. However, other 
authorities have advocated more aggressive 
approaches pertaining to valve replacement at 
the time of initial repair in certain selected cir- 
cumstances, e.g., pulmonary valve agenesis 
with pulmonary artery aneurysms [18, 31, 40], 
anomalous left anterior descending coronary 
artery [1], impaired pulmonary artery runoff 
[31], and single pulmonary artery [31]. Addi- 
tionally, if a fixed element of pulmonary 
hypertension is present following unsuccessful 
repair, then orthotopic or conduit pulmonary 
valve replacement may well be indicated to 
minimize reoperative risk and to prevent seri- 
ous biventricular failure [10, 31]. 

As graphically illustrated in Figure 5, we 
have frequently resorted to pulmonary valve 
and tricuspid valve replacements at the time of 
reoperation in patients with more advanced 
ventricular decompensation and multiple com- 
binations of residual abnormalities. The short- 
term results after replacement of either or 
both of the valves in these selected patients 
have been gratifying, but additional follow-up 
is necessary before any broad-based conclu- 
sions can be reached. Since the long-term dura- 
bility of these xenograft bioprostheses in the 
pulmonary and tricuspid positions in children 
is not yet known, we cannot justify their indis- 
criminate use during initial repair. However, in 
selected patients such as those discussed here, 
valve replacement should be considered. We 
contend that orthotopic xenograft pulmonary 
valve replacement may be associated with 
fewer late obstruction problems than valved 
conduits. First, the orthotopically implanted 
bioprosthesis has more latitude for polypro- 
pylene stent flexion (which theoretically re- 
duces leaflet closing stresses) than the rigidly 
mounted bioprosthesis inside a conduit. Sec- 
ond, conduit compression by the sternum, 
anastomotic stenosis, and exuberant neointimal 


proliferation within the conduit are obviated. 
We conjecture that more xenograft leaflet thick- 
ening and calcification may possibly occur in 
bioprostheses rigidly mounted inside conduits; 
however, no substantiating evidence proving 
or disproving this hypothesis is available. 

Tricuspid regurgitation following repair of 
isolated VSD or tetralogy of Fallot has been re- 
ported as a cause of severe morbidity and mor- 
tality [9, 11, 26, 30, 34]. In this series of reop- 
erations, 4 patients required tricuspid valve 
replacement with xenograft bioprostheses, two 
of which were inserted simultaneously with pul- 
monary valve replacement. In 1 other patient, 
an iatrogenic cleftlike defect in the tricuspid 
septal leaflet was repaired primarily along with 
chordal reconstruction. No operative or late 
deaths have occurred among these patients. 
Although these patients invariably were first 
seen with CHF superimposed on manifold 
other problems, they have all improved fol- 
lowing tricuspid valve replacement. No valve- 
related complications or mortality have oc- 
curred to date during the limited follow-up 
period. We believe that at least one right-sided 
cardiac valve must be functioning normally if 
CHF is to be avoided. Since the majority of 
these patients have coexistent pulmonary valve 
insufficiency at the time of reoperation, tricus- 
pid valve replacement or a reconstructive 
tricuspid procedure must be strongly consid- 
ered if notable tricuspid regurgitation is pres- 
ent. Following late reconstruction, we have 
found that cardiomegaly (mostly right atrial and 
biventricular dilatation) has regressed slowly, 
but to a limited extent only. Therefore, it is 
probably a poor decision to not replace or repair 
a seriously regurgitant tricuspid valve based on 
the specious premise that the regurgitation will 
gradually improve with time once the other re- 
sidual defects have been corrected. 

Late complications related to persistent or re- 
current ASDs in this series have included exer- 
tional cyanosis, paradoxical embolism, and re- 
sidual left-to-right shunting. Assiduous trans- 
atrial attempts to identify and close all atrial 
defects should be carried out at the time of ini- 
tial repair. 

The University of Alabama group [1] has re- 
cently elected not to ligate large aortopulmo- 
nary collateral vessels in some patients because 
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of attendant pulmonary complications, inchud- 
ing pulmonary infarction. Currently, we Fave 
not seen any such problems and continue to 
aggressively pursue dissection and ligation of 
such vessels at the time of initial correction. As 
exemplified in this report, persistent lef--to- 
right shunting at this level may later augment 
right and left ventricular volume overload and 
cause biventricular CHF. 

In summary, late symptomatic deterioretion 
following repair of tetralogy of Fallot occurs in- 
frequently, but is almost always due to surgi- 
cally correctable lesions. Reoperation can be 
performed with minimal risk to the patient. 
Multiple combinations of anatomical and fhys- 
iological abnormalities are encountered et re- 
operation. The actual surgical approach must 
be customized in each patient; pulmona-y or 
tricuspid valve replacement or replacement of 
both valves has been necessary in one-half of 
these reconstructions. Late reoperation usually 
results in gratifying symptomatic improvement 
and reasonable survival expectations, but a 
substantial minority of these patients continue 
to have recurrent problems that may require 
additional operation. Earlier valve replacement 
may be indicated in selected patients to provide 
a more durable reconstruction. The probl2m of 
late sudden death remains worrisome and is 
not completely solved [42]. 


Addendum 

Since the submission of this manuscript, a third late 
death has occurred. This patient died suddanly 5 
months after a fourth operation (tricuspid va ve re- 
placement and pacemaker insertion). Prior -o this 
procedure, he had survived a "sudden deatk” epi- 
sode. Five years prior to this, he had undergone or- 
thotopic pulmonary valve replacement anc right 
ventricular plication. A ventricular tachyarrhzthmia 
was presumed to be the cause of death. 
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Discussion 

DR. GO3DON K. DANIELSON (Rochester, MN): I would 
like to commend Dr. Miller on his fine presentation. 
This series of patients has been analyzed nicely from 
a number of aspects. I would like to make one com- 
ment. For the patients who required reoperation, it 
was nct indicated whether the stenoses developed 
late or 5nly became symptomatic late. No intraoper- 
ative pressure measurements were given for those 
patients who later were found to have significant 
stenosis of the RVOT. I believe most surgeons now 
agree ihe appropriate time to discover residual 
stenosis is during operation at the completion of re- 
pair. For this to be done, intraoperative pressure 
measur2ments of the chambers and great arteries are 
essentiel. If the right ventricle/left ventricle pressure 
ratio is unfavorable, extracorporeal circulation is 
reinstituted and an outflow tract patch is inserted if 
one had not been used previously, or an existent 
patch is revised if possible. 

The conclusions we have reached after an analysis 
of the late results in 311 patients followed up to 12 
years afzer repair of tetralogy are remarkably similar 
to those of Dr. Miller and his co-authors. This series 
was started in 1964 when our techniques for repair 
became relatively standardized and was terminated 
in 1971 -o allow a longer follow-up. In particular, we 
agree w:th the philosophy of the liberal use of trans- 
annular RVOT patches for relief of pulmonary 
stenosis No patient in this series required reopera- 
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tion for pulmonary insufficiency in the absence of 
associated lesions, whereas 6 patients had gradients 
greater than 50 mm Hg, one of whom was symp- 
tomatic and required reoperation. We still favor 
pericardium for the outflow patch in uncomplicated 
tetralogy and have not seen aneurysm formation in 
the absence of residual VSD or right ventricular 
hypertension. The single reoperation in this series 
for patch outflow complications involved a pacient 
who received a Teflon patch, which became infected. 

In 2 patients with an aneurysm of the RVOT sec- 
ondary to unrelieved distal obstruction, no outflow 
patch was used in the repair. 

With regard to late aneurysm formation, we agree 
with the authors that the completeness of repair is 
more important than the extent or type of RVOT 
patch. If right ventricular hypertension is expected 
after repair as a result of restricted pulmonary out- 
flow, a valved conduit or an orthotopic xenograft 
bioprosthesis with a Dacron gusset is preferrec. 

With regard to the timing of and indications for 
orthotopic pulmonary or tricuspid valve replace- 
ment, we agree completely that when marked 
symptoms appear, early operation is preferable and 
the risk for reoperation can be low. We also agree 
that all hemodynamically significant lesions snould 
be repaired at reoperation, even if prosthetic valve 
replacement is required, because many of these pa- 
tients have an added component of right ventricular 
dysfunction, particularly if operation has been de- 
layed. 

I would like Dr. Miller to clarify one point. Al- 
though it was mentioned in the abstract, no specific 
comment was made as to whether any patient in his 
series required reoperation for patch-induced pul- 
monary insufficiency as the sole hemodynamic le- 
sion. 


DR. FRANCIS ROBICSEK (Charlotte, NC): I would ‘ike to . 


congratulate the authors for their astuteness and 
technical skill in confronting some of these fcrmid- 
able situations. However, whenever possible it is 


certainly preferable to prevent the development of - 


such a situation so that it need not be repaired. Like 
the previous discussant, I am somewhat surprised to 
find that 18% of the problems discussed were as- 
sociated with aneurysm formation-of the RVOT 
when pericardial patches were used. Use of these 
patches is common. We have always emplcyed a 
composite patch of Dacron lined with pericardium. 
The pericardium provides a smooth surface and. pre- 
vents any bleeding problems; also the edges fit the 
ventriculotomy incision very nicely. The Dacron 
provides sturdiness. If the outflow patch has to be 
extensive and go way up in the pulmonary arteries, 
only the pericardial portion is continued; the Dacron 
stops above the pulmonary valve. We have used this 


composite patch in 56 patients, and, although we 
have had our share of different complications, we 
have not seen a single instance of an aneurysm of the 
outflow tract. 

It is my view that pericardium alone is not a suit- 
able material to replace any portion of either ven- 
tricular wall. 


DR. MILLER: I would like to thank Dr. Danielson and 
Dr. Robicsek for their constructive comments. Over 
the last decade we have looked repeatedly at the ex- 
perience of the Mayo Clinic group, Dr. Castaneda, 
and the Johns Hopkins group for insight in dealing 
with these difficult problems. 

I think Dr. Danielson’s conclusions parallel ours to 
a great extent. As was mentioned in the abstract, 
none of the patients was reoperated on solely be- 
cause of transannular patch-induced pulmonary in- 
sufficiency. In addition to pulmonary insufficiency, 
all patients had other concomitant lesions, the most 
frequent being increased aortopulmonary shunting, 
residual VSD or ASD with left-to-right shunt, or re- 
sidual outflow tract obstruction, and sometimes a 
combination of these lesions. We think this fact is 
very important. 

In this series, measurement of the right ventricle/ 
left ventricle systolic pressure ratio was not routinely 
performed after reconstruction. However, it can be 
quite helpful in some instances. 

To answer Dr. Robicsek's question, the five aneu- 
rysms that occurred in the outflow tract are defined 
in more detail in the manuscript. Briefly, one was a 
false aneurysm which occurred 20 years postopera- 
tively in a patient who had extruded an infected Iva- 
lon outflow tract patch 2 years after initial repair. 
Two additional aneurysms were true aneurysms of 
the right ventricular muscular wall, and only two 
were considered to be dilated pericardial transannu- 
lar patches. We strongly believe, as Dr. Danielson 
has echoed, that it is the completeness of the repair 
rather than the material used or the extent of the 
patch on which pivots the development of outflow 
tract aneurysms. His suggestion of using composite 
transannular outflow tract patches has been applied 
successfully in several of our patients. 

We believe it is prudent at this time that we, as 
surgeons, transfer our attention to the very real and 
substantial problem of late sudden death after repair 
of tetralogy in collaboration with our colleagues in 
cardiology. Perhaps serial-exercise testing, provoca- 
tive electrophysiological “maneuvers, and serial re- 
catheterization: will help identify high-risk patients. 
Appropriate medical or surgical intervention or both 
at that time may help minimize this very real prob- 
lem which mars the otherwise excellent symptomatic 


result which generally follows repair of tetralogy of 
Fallot. 
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ymoma: A Continuing Survey 


at the Massachusetts General Hospital 


Earle W. Wilkins, Jr., M.D., and Benjamin Castleman, M.D. 


ABSTRACT An analysis is presented of the treat- 
ment of 103 patients with thymoma, 56 with myas- 
thenia gravis and 47 without. In a 1966 report on the 
first 63 patients, it was stated that the presence of 
myasthenia and the finding of local tumor invasion 
at operation were ominous prognostic indicators. 
The augmented series suggests that myasthenia no 
longer carries this stigma, possibly because of im- 
proved methods in its management in patients who 
have undergone operation. 


In 1966, a report of the management of 63 pa- 
tients with thymoma was presented from the 
Massachusetts General Hospital [6]. It repre- 
sented the total experience with such patients 
from October, 1939, through December, 1963. 
Thirty-seven of the patients had myasthenia 
gravis and 26 did not. The two principal factors 
leading to adverse results were local invasion of 
the tumor and the presence of myasthenia 
gravis. 

The present study was designed to test the 
validity of the conclusions drawn in that study 
and to assess results of improved management 
of patients with thymoma, particularly those 
with myasthenia gravis. To assist in the spec- 
ification of invasion, the method of surgical- 
pathological staging defined by Bergh and 
collaborators [1] was adapted, with minor 
modifications, as follows: 


Stage I: Intact capsule or growth within the 
capsule 

Stage II: Pericapsular growth into the medias- 
tinal fat tissue or adjacent pleura or 
pericardium 
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otage III: Invasive growth into the surrounding 


organs, intrathoracic metastases, or 
both 


All 40 patients with thymoma diagnosed at the 
Massachusetts General Hospital from January, 
1964, through December, 1977, are included in 
this study. Pathological slides from the 40 
new patients were reviewed by one of us (B. C.). 
Of the 40 patients, 18 had myasthenia and 22 
did not. 

The total experience reported here consists of 
103 patients with thymoma. Myasthenia de- 
veloped in 1 patient in the original series sub- 
sequent to the 1966 report. Therefore, the 
breakdown in the overall series is 56 patients 
with myasthenia gravis and 47 without it. 
During the same time, 16 patients with cysts of 
the thymus were seen. The 5496 incidence of 
myasthenia gravis in patients with thymoma is 
higher than in other series [1, 2, 5] and is 
due, in large measure, to the number of pa- 
tients with mvasthenia seen in the Myasthenia 
Gravis Clinic, established at the Massachusetts 
General Hospital in 1935. 

Follow-up has been complete on all 103 pa- 
tients through December 31, 1978, or until time 
of death. As in the original paper, the groups 
with and without myasthenia are considered 
independently. 


Thymoma without Myasthenia Gravis 
There were 22 patients in this group.from 1964 
through 1977. Thirteen were female patients 
ranging from 15 to 81 years old. The 9 male 
patients ranged from 13 to 75 years old. 
SYMPTOMS. In8 of these patients, the tumor 
was initially detected on a chest roentgeno- 
gram; none had symptoms related to the tumor. 
In the remaining 14 patients, the presenting 
symptom was chest pain in 6, cough and fever 
in 3, weakness and fatigue in 3, and hoarseness 
and dyspnea in 1 each. One woman, 81 years 
old, had pancytopenia associated with a spin- 
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dle cell thymoma. Two women had pernicious 
anemia prior to development of the thymoma. 
In 1 of them, it occurred 12 years follcwing 
subtotal gastrectomy for carcinoma. Two pa- 
tients reported herpes zoster within the year 
prior to diagnosis of thymoma. 

TREATMENT. Surgical exploration was car- 
ried out in 21 patients. In the 81-year-old 
woman, the diagnosis was established by a 
percutaneous Vim-Silverman needle biopsy. 
Total excision was possible in 17 patients. a re- 
sectability rate of 8196; biopsy only was carried 
out in 4. There were 2 operative deaths, accur- 
rng as cardiopulmonary arrests in petients 
with unresectable thymomas. 

Surgical-pathological staging revealed that 
there were 13 patients with Stage I disease, 4 
with Stage II, and 4 with Stage II] disease. 

Radiation therapy was provided postopera- 
tively in 1 patient in Stage II and 2 unresected 
patients in Stage III. One of the latter is free 
from symptoms 2 years after treatment. 

RESULTS. Three of the Stage III patients 
died; 2 were surgical deaths and 1 died of per- 
sistent thymoma. Four other patients, 65 to 81 
years old, died of unrelated causes. Ten of 13 
patients in Stage I and all 4 patients in Sage II 
are alive. Cumulative survival, calculated by 
the life-table method [4], for this group of 22 
patients is 6896 at 5 years. 


Thymoma with Myasthenia Gravis 

There were 18 patients in this group from 1964 
through 1977. Seven were female patients, 
ranging from 13 to 75 years old. The -1 men 
ranged in age from 26 to 61 years old. 

SYMPTOMS. In 16 patients, the symp*oms of 
myasthenia led to the diagnosis of thymoma. In 
the other 2, the anterior mediastinal mass was 
discovered on routine chest roentgenogram, the 
myasthenia developing 3 and 12 months after 
operative removal of the thymoma. In 3 of the 
16 patients seen with myasthenia, the thvmoma 
was not detected until operation. Only 1 patient 
had an associated hematological disorder, are- 
generative anemia. 

TREATMENT. Median sternotomy, permit- 
ting total thymectomy and mediastinal dissec- 
tion, was the preferred operative approach in 
this group of patients. Total removal of thy- 


moma was possible in 17 patients, a resectabil- 
ity rate of 9496. There were no hospital deaths. 

Surgical and pathological staging revealed 
that there were 9 patients with Stage I disease, 7 
with Stage II, and 2 with Stage III. 

The patient in whom biopsy only was possi- 
ble was a Stage III patient. In the other Stage III 
patient, excision of pleural metastases was ac- 
complished in addition to the mediastinal dis- 
section. Radiation therapy was utilized in 11 
patients, 3 preoperatively and 8 postopera- 
tively. Only 1 of the patients in Stage I and 
Stage III did not receive irradiation after resec- 
tion. This was the youngest patient, a 13-year- 
old girl. Preoperative irradiation is no longer 
advised in patients with thymoma and myas- 
thenia gravis. 

RESULTS. Onlylin this group of 18 patients 
is dead, a Stage II patient who died a year after 
thymectomy of complications of myasthenia. 
All others are alive and well up to 13 years after 
operation. Cumulative survival for this group at 
5 years is 9496. Classification of changes in the 
myasthenia is reported according to the method 
of Osserman [3]: A (no symptoms, no medica- 
tion), 3 patients; B (improved but on a regimen 
of Mestinon [pyridostigmine bromide]), 9; C 
(unimproved), 5; and D (worse), 1 patient. 


Comment 

In comparing the early results of the recent se- 
ries with those reported in 1966, one distinct 
change becomes clear. It can no longer be stated 
that myasthenia gravis per se "diminishes the 
prospect for long-time survival" [6]. Indeed, the 
combination of myasthenia gravis and invasion 
of adjacent structures by the thymoma is not “ul- 
timately a lethal combination" [6]. In the small 
groups analyzed from 1964 through 1977, there 
actually is a better 5-year cumulative survival 
for patients with myasthenia gravis (9496) than 
in those without (6896). The numbers involved 
are not sufficiently large to be statistically sig- 
nificant. 

Better postoperative supportive care of pa- 
tients with myasthenia plus improved long- 
term medicinal management of the vicissitudes 
of myasthenia gravis seem to be the essential 
factors in the improved survival. All post- 
operative care in these patients is provided in 
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Table 1. Cumulative Survivals 





Survival ` 
No. of 5-Year 10-Year 
Variable Patients (%) (%) 
Total patients 103 64 54 
Resected tumors 79 77 68 
Encapsulated 66 75 67 
tumors 
Invasive tumors 37 55 40 
Myasthenia 56 57 43 
No myasthenia 47 73 67 
Encapsulated 28 92 86 
(no myasthenia) 
Invasive 18 46 20 
(myasthenia) 


the respiratory intensive care unit. Nasotra- 
cheal intubation is coupled with withdrawal 
of all cholinergic medications for three to five 
days. Tracheostomy is necessary only in patients 
requiring respiratory  ventilator assistance 
beyond ten days. This regimen has virtually 
eliminated hospital postoperative mortal- 
ity. In the long-term management of myas- 
thenia, the use of high-dose steroids has been 
particularly effective. Immune globulin has 
been administered to 2 patients with myas- 
thenia who underwent thymectomy and re- 
quired prolonged episodes of respiratory sup- 
port. Plasmapheresis has: not been employed 
in this series. "s 

To provide more significant numbers, the 
cumulative survival [4] for the entire series of 
103 patients at the Massachusetts General Hos- 
pital was compiled, in relation to a number of 
variables: resectability, the presence of myas- 
thenia, and invasive character of the thymoma 
(Table 1). 

Hospital mortality has shown a progressive 
decrease (Table 2). All 5 deaths in the first two 
decades resulted from complications related to 
cholinergic medication. All occurred before 
1954. The 2 more recent deaths occurred in 
Stage III patients with extensive, unresectable 
thymomas but no myasthenia. The response of 
patients with thymoma to radiation therapy has 
been such that these 2 patients might perhaps 


Table z. Hospital Mortality 
————— MÀ 


Time No. of No. of 

Span Operations Deaths Percent 

1940—4€ 17 2 11.8 

1950-56 33 3 PI 

1960-65 25 1 4.0 

1970—1277 28 1 3.6 
Total 103 7 6.8 
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have been more appropriately treated with 
primarv irradiation. 

There has been no sex differential in the 
overall series, either in the group with myas- 
thenia (28 male and 28 female patients) or the 
group without myasthenia (22 male and 25 fe- 
male patients). Similarly, there has been no 
difference in survival in either group in relation 
to sex. 


Conclusions 

1. Improved methods of postoperative and 
long-term medicinal management of patients 
with thymoma and myasthenia gravis seem 
to have eliminated the presence of myas- 
thenia as an adverse factor affecting survival. 

2. The invasive character of a thymoma con- 
tinues to be an adverse factor in long-term 
survival. Local invasion is normally an indi- 
cation for postoperative irradiation. 

3. The 19-year cumulative survival of patients 
in whom total excision of the thymoma is 
possible is 6896. 
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Discussion 
DR. PETER C. PAIROLERO (Rochester, MN): I woule like 
to congratulate the Massachusetts General H»spital 
group on this excellent study and to show both the 
similarities and dissimilarities of our experienze at 
the Mayo Clinic. Recently we were able to eva_uate 
197 patients who underwent operation for thvrroma 
and who were followed for more than 25 years. Sur- 
vival was analyzed as it related to gross invasion of 
the tumor, to the predominant histological ce] type, 
and to associated myasthenia gravis. 

We agree entirely with Dr. Wilkins that 2 poor 


prognosis is associated with gross invasion. Cverall, 


17% of our patients were alive 25 year: after 
thymectomy. However, if the thymoma was acnin- 
vasive, survival increased to 23%, whereas if the 
tumor was invasive, only 9% survived 17 years 

As Dr. Wilkins indicated, the predominent -ype of 
cell in the thymoma does not influence survivel com- 
pared with the invasiveness of the tumor. Irrespec- 
tive of the cell type, approximately 65% of cur pa- 
tients survived 10 years if the tumor was nonirvesive 
compared with only 30% if the tumor was invasive. 
However, there are differences in the incidence of 
invasiveness associated with the various cell -ypes. 

Spindle cell thymomas were less frequently inva- 
sive than epithelial thymomas, and therefore were 
associated with a much better prognosis. Approxi- 
mately 60% of patients with spindle cell thymoma 
were alive 15 years after operation, whereas ^o pa- 
tients with epithelial cell thymoma were alive at 15 
years. 

Contrary to Dr. Wilkins's current report, cur ex- 
perience demonstrates that associated myaschenia 
gravis does influence long-term survival—adversely. 

Of patients with thymoma but without myasz-hania 
gravis, 41% were alive 25 years after thymecicmy, 
whereas only 2196 with myasthenia gravis were 
alive. However, when both myasthenia grav.s and 
invasiveness were analyzed simultaneousl~, the 
most significant determinant of survival was inva- 
siveness. That is, associated myasthenia gravis did 
not alter survival if the tumor was already invasive. 
In those patients with invasive thymomas, orly 9% 
without myasthenia gravis survived 15 years com- 
pared with 10% with myasthenia gravis. However, if 
the tumor was noninvasive, associated myas:henia 
gravis did significantly lower survival at each time 
interval. In those patients with noninvasive thy- 
momas without myasthenia gravis, 61% su-vived 
25 years, whereas if the noninvasive thymorra had 
associated myasthenia gravis, only 24% were alive at 
25 years. This decrease in survival occurred even 
though the patients with both noninvasive thymoma 
and myasthenia gravis were, on average, 14 years 


younger than the patients without myasthenia 
gravis. Thus, they would have been expected to have 
an even better long-term survival. 

I would like to ask Dr. Wilkins two questions. 
First, did you analyze long-term survival in your first 
group of patients for both variables simultaneously? 
The reason that associated myasthenia gravis did not 
adversely affect survival could be that the current 
group of patients have not survived long enough. 
Second, is there any prognosticating value of his- 
tological cell typing? 


DR. DOV WEISSBERG (Be'er Yaakov, Israel): Six years 
ago in Houston I presented to this Society my experi- 
ence with 35 patients with thymoma. A unique 
finding was the very high incidence of transpleural 
seeding of metastases: 4096 in patients with invasive 
thymomas. Like Dr. Wilkins, we reached the conclu- 
sion that the two most important prognostic factors 
are encapsulation versus invasion, and myasthenia 
gravis. Myasthenia was present in 15 of our patients. 
Patients with noninvasive tumors but no myasthenia 
gravis had an excellent prognosis; in patients with 
invasive tumors but no myasthenia, the prognosis 
was still fair if the tumor was resected. Myasthenia 
affected the prognosis adversely in patients with 
both invasive and noninvasive tumors. In patien:s 
who had both diseases, myasthenia was a far greater 
threat to the patients than thymoma. I am using pu-- 
posely the term invasive rather than malignant be- 
cause malignancy in thymoma is determined by i:s 
invasiveness rather than by morphology. 

A very important point in Dr. Wilkins’s presenta- 
tion is development of myasthenia after thymec- 
tomy. In our series, remission of myasthenia oc- 
curred in 6 patients, but in 4, myasthenia appeared 
first after the operation. Hence, it is very important 
that the thymectomy be complete. 

In recent years there has been an increasing ten- 
dency to do a thymectomy through the neck. This 
approach is certainly less traumatic than the standard 
sternotomy. Although recently I started to use this 
approach and although at operation the cervical inci- 
sion seems adequate, I am not sure that it always is. 
Foci of extracapsular thymic tissue may be present in 
the lower mediastinum and not be reachable through 
the neck incision. Therefore, a combination of trans- 
sternal and neck incisions might sometimes be nec- 
essary, particularly in patients with myasthenia 
gravis. 


DR. WILKINS: I appreciate the comments of Dr. Pairol- 
ero and Dr. Weissberg. They represent the two in- 
stitutions, Mayo and Toronto General, that I quoted 
in my text. Actually, I think our conclusions about 
thymoma are very close. | 

In answer to Dr. Pairolero's two questions, in our 
early series the combination of myasthenia gravis 
and invasive thymoma did show a 0 to 1096 survi- 
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val. I think perhaps I may be guilty of undue op- 
timism in believing that myasthenia gravis is no 
longer a major deterrent to long-term survival, but, at 
least in the limited time that has passed since the 
newer series has taken place, our figures show that 
myasthenia gravis, largely due to the good care pro- 
vided by our neurologists and respiratory care spe- 
cialists, is no longer an adverse sign. The prognostic 
value of the histology of the tumor, according to Dr. 
Castleman, is zero, and as a surgeon I would concur 
with that. Histology alone does not indicate what 
survival is likely to be. 


Dr. Weissberg has commented on the 40% inci- 
dence of pleural implants in his series, and I have 
done a good bit of corresponding with Griff Pearson 
about this. It was not mentioned in our review, but 
the incidence of pleural implants in our overall series 
is 12%. These patients would be categorized in Stage 
III. 

Although it is still necessary to watch for what may 
happen in the long run to patients with myasthenia 
gravis, I stick by my conclusion that now the major 
deterrent to long-term survival is local invasion by 
the tumor. 





Notice 


Beginning with Volume 28 (July, 1979) of The 
Annals of Thoracic Surgery, the classified adver- 
tising section is to be expanded to include 
meeting announcements and postgraduate 
courses, as well as positions wanted or avail- 
able. This expanded classified section super- 
sedes the Continuing Education section, which 
ran quarterly in The Annals. The charge for all 
classified advertising is $25.00 per 50 words per 
issue. repayment is required. 

Classified ads for meeting announcements, 
postgraduate courses, and positions wanted or 
available must relate only to the thoracic and 
cardiovascular surgical specialities. All ads are 
subject to the approval of the Editor, and mate- 
rial deemed inappropriate for publication in 
The Annals will be rejected. 

Please submit full information with each 


ad, including name, address, and telephone 
number of contact person. If anonymity is de- 
sired when advertising a position wanted or 
available, please indicate this at the time of 
submission and a code number will be as- 
signed. All responses received will remain con- 
fidential in The Annals Editorial Office and will 
be conveyed to the advertiser shortly after re- 
ceipt. | 

Ads must be submitted no later than eight | 
weeks prior to the publication month of the de- 
sired issue. Send ad and nonrefundable check (in 
the amount of $25 for every 50 words times 
number of issues the ad is to run), payable 
to The Annals of Thoracic Surgery, to: Herbert 
Sloan, M.D., Editor, The Annals of Thoracic 
Surgery, C-7079 University Hospital, Ann 
Arbor, MI 48109. 
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The Role of Thymectomy in Red Cell Aplasia 


John V. Zeok, M.D., Edward P. Tocd, M.D., Ph.D., Marcus Dillon, M.D., 
Philip DeSimone, M.D., and Joe R. Utley, M.D. 


ABSTRACT Red cell aplasia is an unusual cause of 
anemia. Fifty percent of all patients with red cell 
aplasia will have a thymoma. Twenty-five to 30% of 
those who undergo thymectomy will be cured. Data 
are presented that suggest that any patient with red 
cell aplasia should have thymectomy through a me- 
dian sternotomy. One of 3 such patients who under- 
went the operation has had complete remission for 


two years. 


Pure red cell aplasia is a selective aplast c disor- 
der that affects the erythroid series of the bone 
marrow. The platelets and white blood cells are 
usually normal or near normal. The patient is 
seen with severe anemia and absence of re- 
ticulocytes on the peripheral smear [4—6]. Fifty 
percent of the patients with pure red cell aplasia 
have a thymoma [4-7]. To our knowledge, this 
association has not been reported prev:ously in 
the surgical literature. Among patients under- 
going thymectomy, 25 to 30% have remission of 
the anemia [2, 6]. At the University of Kentucky 
Medical Center, 5 patients have been evaluated 
for red cell aplasia. This report summarizes the 
clinical course of and results in 3 patients who 
underwent thymectomy. 


Patient 1 

A 58-year-old white man had had myasthenia 
gravis since 1960, and was following a regimen 
of Mestinon (pyridostigmine bromide). In 
mid-1974, weakness, easy fatigability, and sub- 
sternal chest pain with activity developed. 
After an initial evaluation by his family phy- 
sician, he was referred to the Veterans Ad- 
ministration Hospital. The pertinent physical 
findings were a mild tachycardia of 300 beats 
per minute, a drop in blood pressure of 20 mm 
Hg when going from the supine to the erect 
From the Divisions of Cardiothoracic Surgery and Hema- 


tology, University of Kentucky Medical Center, Lexing- 
ton, KY. 


Accepted for publication Oct 4, 1978. 


Address reprint requests to Dr. Zeok, Univers ty of Ken- 
tucky Medical Center, 800 Rose St, Lexington, EY 40506. 


are NAMA DLL ee ee a m Maana ee! X * *" * r» 


position, and pale mucous membranes. There 
was a grade 3/6 systolic murmur along the lower 
left sternal border. The remainder of the physi- 
cal examination was normal. 

At admission, hemoglobin was 4.1 gm per 
100 ml; hematocrit, 12.4% with a white blood 
cell count of 6,100/mm’ with 50 segmental 
forms, 2 band forms, 42 lymphocytes, and 2 
monocytes. Platelet count was 227,000/mm’. 
Reticulocyte count was 0.1%. The results of di- 
rect and indirect Combs’ tests were negative. A 
bone marrow examination revealed absence of 
red cell precursors with a normal myeloid series 
and megakaryocytes. 

After the patient received a transfusion with 
packed cells, an upper gastrointestinal series 
and barium enema were negative. The lateral 
chest roentgenogram was suggestive of an an- 
terior mediastinal mass (Fig 1). Fluoroscopy 
and anteroposterior mediastinal tomography 
were negative. Lateral mediastinal tomography 
and a gallium scan were performed; both were 
positive for an anterior mediastinal mass (Fig 
2). 

Thymectomy was accomplished through a 
median sternotomy. The tumor was found in- 
vading the pericardium anteriorly; therefore, 
the pericardium was resected along with the 
mass and all fatty tissue in the superior me- 
diastinum. Several 2 mm implants in the as- 
cending aortic adventitia were resected. 

Microscopic examination revealed the tumor 
to be a nonencapsulated epithelial thymoma, 
and a course of radiation therapy was given. 
The patient never had a return of red cells to the 
marrow and died six months postoperatively. 
Frequent blood transfusions were required 
during the postoperative period. 


Patient 2 

A 61-year-old white man was admitted to the 
University of Kentucky Medical Center with 
complaints of weakness, dizziness, and ankle 
swelling. Physical examination revealed a dif- 
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Fig 1. (Patient 1.) Lateral chest roentgenogram suggests 
an anterior mediastinal mass. 


Fig 2. (Patient 1.) (A) Anterior view of the chest using 
conventional gallium scanning. (B) Anterior view of the 
chest after subtraction of the bony structure by 
technetium pyrophosphate reveals abnormal focal 
radioactivity in the middle of the chest and both hila of 
the lungs. This ts consistent with a thymoma and hilar 
adenopathy. 
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ference of 40 mm Hg in blood pressure between 
the supine and erect positions. The patient had 
pale conjunctiva and a grade 2/6 systolic mur- 
mur at the right upper sternal border with radi- 
ation to the neck. The remainder of the exam- 
ination was normal. 

The patient had a hematocrit of 1596, a white 
blood cell count of 6,000/mm*, and a platelet 
count of 174,000/mm’. Reticulocyte count was 
0.7%. A bone marrow examination revealed 
absence of red cell precursors. Intravenous 
pyelogram, upper gastrointestinal series, bar- 
ium enema, and sigmoidoscopy were normal. 
A chest roentgenogram and mediastinal tomo- 
gram were negative. The diagnosis of red cell 
aplasia was made, and chemotherapy was in- 
itiated. No response occurred during the next 
eleven months. At this point, a gallium scan 
revealed increased uptake 
mediastinum. The mediastinum was explored 
through a sternotomy, and a large fatty thymus 
was removed. The postoperative course was 
uneventful, and the patient was discharged on 
the seventh postoperative day. 

Microscopic examinations revealed no def- 
inite tumor in the resected specimen. During 
the six months after discharge, there was no 
change in the hematological condition. A splen- 
ectomy was performed with the hope of de- 
creasing blood transfusion requirements. It was 


in the superior 
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unsuccessful, and the patient died several 
months later. 


Patient 3 

A 69-year-old white man was seen by his family 
physician because of shortness of breath and 
dyspnea on exertion. Hemoglobin was 7.7 gm 
per 100 ml and reticulocyte count, 0. A chest 
roentgenogram revealed an anterior mediasti- 
nal mass. An intravenous pyelogram, barium 
enema, and upper gastrointestinal series with 
small bowel follow-through were normal. A 
bone marrow examination revealed absence of 
red cell precursors, with normal myeloid and 
megakaryocyte series. 

The patient was transferred to the University 
of Kentucky Medical Center. Physical examina- 
tion on admission was normal. Admission lab- 
oratory data revealed a hematocrit of 3196, 
white blood cell count 6,900/mm', and a platelet 
count of 445,000/mm’. A bone marrow biopsy 
revealed absence of red cell precursors and a 
normal myeloid series and megakaryocytes. A 
chest roentgenogram revealed an anterior 
mediastinal mass (Fig 3). Gallium scanning was 
also positive. Through a median sternotomy, a 


Fig 3. (Patient 3.) (A) Posteroanterior and (B) lateral 
chest roentgenograms reveal an anterior mediastinal 
mass. 


A 


well-encapsulated mass was removed. It was 
adherent to the mediastinal pleura on the left, 
but there was no evidence of invasion into the 
pericardium or other mediastinal structures. 
Microscopic examination of the mass was in- 
terpreted as an epithelial-type thymoma. The 
patient had an uneventful postoperative course 
and was discharged on the seventh postopera- 
tive day. 

Red cell precursors returned to the bone mar- 
row six months after operation and for sixteen 
months the patient required no blood or blood 
products. When last seen by his physician, he 
had a hematocrit of 4596, a white blood cell 
count of 6,200/mm', and a normal reticulocyte 
count. 


Comment 
Patients with red cell aplasia are seen with 
anemia and a peripheral smear that is normo- 
chromic and normocytic. In the evaluation of the 
patient, it is necessary to determine whether 
this is in response to infection, chemicals, 
drugs, or a hemolytic anemia. If it is due to any 
of these, the anemia is short-term and self- 
limited with withdrawal of the agent or agents 
or with control of the infection [5, 6]. 

In addition to the normochromic, normocytic 
anemia, the peripheral smear will have few, if 


B 
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any, reticulocytes. Occasionally the reticulocyte 
count may be as high as 1.0%, but this is ab- 
normally low in a severe anemia. On peripheral 
smear, the white cell count, differential cell 
count, and platelet count are normal. Initially, 
the serum iron and iron-binding capacity are 
usually normal; however, later in the disease, 
the serum iron becomes markedly elevated and 
the iron-binding capacity decreases [6]. 

The key to diagnosis of red cell aplasia is 
bone marrow examination. This will show ab- 
sence of red cell precursors, with normal white 
cell and platelet production. 

Since thymoma occurs in 50% of patients 
with pure red cell aplasia, several steps must be 
taken to determine if a thymoma is present. If 
the posteroanterior and lateral chest roentgeno- 
grams are negative, 20-degree oblique roent- 
genograms and lateral tomograms of the chest 
must be made. If all of the radiological tech- 
niques fail to demonstrate a thymoma, gallium 
scanning of the mediastinum has proved useful 
in the evaluation of these patients [8]. All 3 of 
the patients undergoing thymectomy had posi- 
tive gallium scans. In 2 of the patients, con- 
ventional roentgenograms and tomograms also 
confirmed the presence of an anterior mediasti- 
nal tumor; however, in 1 patient, the only posi- 
tive finding was revealed in the gallium scan. 

We have discussed the association between 
red cell aplasia and thymoma. More commonly, 
thymoma is thought of in conjunction with 
myasthenia gravis. It is interesting that when 
thymectomy was first used as a therapeutic 
modality in myasthenia gravis, the initial re- 
sults were unpredictable and there was a 
significant morbidity and mortality [1]. More 
recently, thymectomy is utilized earlier in the 
course of the disease and, in properly selected 
patients with myasthenia with or without 
thymoma, as many as 85% will have significant 


improvement or remission after thymectomy 
[1]. 

Data reported by Jepson and associates [4] 
indicate a factor in the gamma globulin fraction 
of some patients with pure red cell aplasia. In in 
vitro culture, this factor caused erythropoietic 
inhibition. this same factor could be demon- 
strated in thymic tumor extracts. 

These data suggest that a thymoma produces 
a substance that causes inhibition of eryth- 
ropoiesis. Perhaps the thymus in those pa- 
tients with red cell aplasia but without a 
thymoma also produces this factor. Under these 
circumstances it would be reasonable to suggest 
thymectomy in all patients with red cell aplasia 
who demonstrate a thymoma or who have evi- 
dence of a circulating gamma globulin related to 
erythropoietic inhibition. 
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Does Pulsatile Flow Influence l 
the Incidence of Postoperative Hypertension? 


R. W. Landymore, M.D., D. A. Murphy, M.D., C. E. Kinley, M.D., 
J. C. Parrott, M.D., E. A. Moffitt, M.D.. W. J. Longley, M.D., 


and A. A. Qirbi, M.B. 


ABSTRACT Twenty patients undergoing primary 
elective aorta—coronary artery bypass were d_vided 
into two equal groups, both receiving identical pre- 
medication, anesthetic, and pump primes. The zon- 
trol patients received hypothermic nonpulsatile -low 
and the study patients received hypothermic pul- 
satile flow. 

Hypertension, defined as a pressure of 160/100 mm 
Hg or higher, was observed in 80% of the -oatrol 
patients and 20% of the patients receiving pulsatile 
flow (p « 0.05). Serial renin measurements cemon- 
strated maximum values in the intensive care unit 
and coincided with the onset of postoperative 
hypertension in the control patients. Those patients 
who had received pulsatile flow did not demcnstrate 
notable renin stimulation. Catecholamine; were 
markedly elevated during bypass and in the inten- 
Sive care unit, but there was no significant difference 
between the two groups. Peripheral vascular ~esis- 
tance was not significantly lower with pulsatile 
flow, except in the first study performed in the in- 
tensive care unit. 

We conclude that catecholamines and the renin- 
angiotensin system contribute to the production of 
postoperative hypertension and that pulsatile flow 
diminishes renin stimulation. Pulsatile flow results 
in a decreased incidence of postoperative hrperten- 
sion. 


The purpose of this study was to examine the 
influence of pulsatile flow during cardiopulmo- 
nary bypass on measurable mediators of hy- 
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pertension and to observe its effects on the 
incidence of postoperative hypertension. 


Materials and Methods 

Twenty patients undergoing primary elective 
myocardial revascularization were studied. Pa- 
tients requiring associated cardiac procedures 
were excluded. None of the patients in the 
study had a history of significant previous ill- 
ness other than coronary insufficiency; a pa- 
tient with a history of hypertension or renal or 
endocrine disease was excluded. All patients in 
the study were on a regimen of propranolol in 
doses ranging from 40 to 120 mg every 6 hours. 
In addition, the majority of patients were ad- 
ministered nitrates, but were receiving no other 
medication. 

Patients were admitted to the hospital three 
days before scheduled revascularization. Fol- 
lowing admission, and in this study only, pro- 
pranolol doses were tapered to ensure that the 
drug was discontinued 24 hours before opera- 
tion. A screening biochemical profile included 
a complete blood count, electrolyte determina- 
tions, and tests of renal and liver function. At 
1,400 hours on the day before operation, an 
arterial blood sample was drawn for plasma 
renin and catecholamine determinations. 

All patients received an identical preopera-: 
tive regimen consisting of pentobarbital, 100 
mg at bedtime and 2 hours before operation, 
and morphine sulphate, 10 to 15 mg 1 hour be- 
fore operation. In the induction room, a radial 
artery catheter was inserted and a Swan-Ganz 
thermodilution catheter was positioned in the 
pulmonary artery. Anesthesia was induced 
with thiopental and with pancuronium bromide 
(0.1 mg per kilogram of body weight), and was 
maintained with oxygen, nitrous oxide, and 
halothane. 

Immediately following placement of the. 
Swan-Ganz catheter, arterial samples were 
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Patient Profile? 
No. of Induction 
Mean Grafts and before Hypo- 
Type of Age | per Bypass Bypass thermia Closure 
Bypass (yr) Patient (min) (min) (min) (min) 
Nonpulsatile 4754+425 29 116.7 + 7.6 139.8 + 12.3 100.7 + 11.0 83.4 +45.5 
Pulsatile 7225 30 117.3 + 6.3 161.0 + 10.6 93.9 + 11.9 91.2 + 3.0 
flow 


There is no difference between the control and treatment groups with respect to age, grafts, and time intervals for the 


surgical procedure. 


drawn for complete blood count, serum elec- 
trolytes, and plasma renin and catecholamine 
determinations. Cardiac output was measured 
by thermodilution using the average of three 
determinations performed with ice-cold saline 
solution. Peripheral resistance was calculated 
from the following formula: Total systemic re- 
sistance (dynes/sec/cm*) = SAP—RAP/CO where 
SAP = mean systemic arterial pressure, RAP = 
mean right atrial pressure, and CO = cardiac 
output in liters per minute. 

Cardiopulmonary bypass was established 
with a Bentley-Temptrol oxygenator primed 
with 1,500 ml of Plasmalyte solution (Travenol) 
and 1 unit of whole blood. The control group 
received standard nonpulsatile flow with mod- 
erate hypothermia to 28°C. Patients in the study 
group were perfused with pulsatile flow, deliv- 
ered with an Avco balloon pump utilizing 
Tamari-Kaplitt* balloons. The balloon was in- 
troduced into the arterial circuit just proximal to 
a No. 23 aortic cannula. The balloon pump was 
triggered by the electrocardiogram at the onset 
of bypass and then with a pacemaker unit at a 
rate of 70 beats per minute after the patient 
ceased to eject. The arterial pressuxe tracing in 
patients receiving pulsatile flow demonstrated 
a phasic aortic pulse wave with pulse pressures 
in the range of 30 to 40 mm Hg. The arterial 
wave form in the control patients was non- 
phasic. Loss of circulating blood volume was 
replaced with Plasmalyte solution while the 
patient was on bypass. 

Arterial samples were drawn for complete 
blood count, electrolytes, and plasma renin and 
catecholamine measurements after 30 minutes 


*Respironics Inc, Wilmerdine, PA. 


and 1 hcur on bypass and after 212 hours and 5 
hours fcllowing the termination of bypass. In 
each instance, the samples for renin and cate- 
cholamine determinations were immediately 
placed on ice and transported to the laboratory 
where they were spun down in a cold cen- 
trifuge end frozen at —80°C. Catecholamines 
(epineptrine, norepinephrine, and dopamine) 
were analyzed by a radioenzymatic assay 
method* and plasma renins by a modification 
of the Sealey method.' Cardiac output was 
again measured in the intensive care unit 21⁄2 
and 5 hours following the end of perfusion. 

The standard Student t test and the chi- 
square test with Yates's correction for small 
samples were utilized to determine statistical 
difference between the mean values of the 
groups. 

All patients underwent reverse saphenous 
vein graf:s for coronary revascularization. The 
control patients received 2.9 grafts per patient 
and the s-udy group, 3.0 grafts per patient. The 
patient profiles are listed in the Table. There 
was no statistically significant difference be- 
tween the two groups with respect to age, 
number of grafts per patient, or duration of 
bypass. 


Results 

There was no significant difference in the bio- 
chemical 2rofiles between the two groups. Pa- 
tients receiving pulsatile flow had slightly 
lower hemoglobin and platelet counts following 
the termination of bypass. Serum hemoglobin 


“Upjohn Diagnostics, Cat-A-Kit CH), Kalamazoo, MI. 
"New England Nuclear, Radioimmunoassay Kit angioten- 
sin I, Billerica, MA. 
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Fig 1. Plasma catecholamine levels (nglml) in patents 
during (A) nonpulsatile and (B) pulsatile bypass with 
moderate hypothermia to 28°C. The differences ir. the 
curves are not significant. 


values in the control patients were in the range 
of 40 mg per 100 ml and in the pulsatile flow 
group, 80 mg per 100 ml, indicating increased 
hemolysis with pulsatile flow. 

Catecholamines for patients receiving non- 


pulsatile and pulsatile flow are shown in Figure . 


1. Both epinephrine and norepinephrine dem- 
onstrated a significant increase during »ypass 


compared with samples taken before operation 
and after induction and reached peak values in 
the intensive care unit. Dopamine concentra- 
tion did not increase significantly throughout 
the study. There was no statistical difference in 
plasma epinephrine and norepinephrine de- 
terminations between the two groups. 

Renin concentrations for both groups are 
demonstrated graphicaly in Figure 2. Both 
groups of patients demonstrated no significant 
increase in plasma renin during induction of 
anesthesia. Renin values after an initial fall re- 
turned to preoperative levels during cardio- 
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Fig 2. Plasma renin values (ngimllhr) in control patients 
and patients receiving pulsatile perfusion differ signifi- 
cantly (p « 0.05) in the recovery room period. 
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Fig 3. Peripheral vascular resistance in dynesisec! 

cm?, calculated before bypass, at 30 minutes and 1 
hour on bypass, and 2' and 5 hours after bypass. The 
bypass flow rate was used as the cardiac output for this 
calculation while the patients were on bypass. 


pulmonary bypass. Following the termination 
of perfusion, renin increased to peak values 
at 2.5 hours after perfusion in those patients 
not receiving pulsatile flow. This increase was 
significant compared with preoperative resting 
levels (p « 0.05) and coincided with the onset 
of postoperative hypertension. Following this 
immediate postoperative rise, renin gradually 
returned to baseline values. Patients receiving 
pulsatile flow demonstrated no significant in- 


LEGEND: 
CONTROL GRouPO 


PULSATILE FLOW ME 


STD ERROR OF 
THE MEAN 


RECOVERY ROOM 


crease in plasma renin throughout the entire 
study. 

The resu.ts of peripheral vascular resistance 
determinatzons are shown in Figure 3. Resis- 
tance was determined before each hormone 
sampling. Significant increases in resistance 
developed in both groups of patients toward 
the end >f bypass compared with levels before 
bypass (2 « 0.05). There was no statistically sig- 
nificant difference between the peripheral vas- 
cular resistence determinations in both groups 
except for ihe first determination in the in- 
tensive care unit. In that measurement, the cal- 
culated reripheral vascular resistance in the pa- 
tients receiving pulsatile flow returned to the 


å, 
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levels obtained before bypass, while ir the 
control group the resistance was significantly 
higher (p < 0.05). Five hours after perfusion, 
resistance in both groups was again elevated 
(p < 0.05). 

All 20 patients were normotensive before op- 
eration. Following the onset of perfusion, mean 
blood pressure decreased in both groups to a 
range of 40 to 50 mm Hg. Blood pressure re- 
turned immediately to 70 to 90 mm Hg with 
the addition of volume to the vascular compart- 
ment or after a small dose of Neo-Synephrine 
(phenylephrine hydrochloride). Mean pr2ssure 
was calculated from the following formula: 


Mean Pressure = 


Systolic Pressure + 2 Diastolic Pressure 
3 


Perfusion for both of the groups was calcu- 
lated to deliver a total flow of 2.5 L/min/m*. 
All patients were normotensive following the 
termination of bypass and during closure of the 
chest. However, after the patients were trans- 
ferred to the intensive care unit, hyper ension 
defined as a: blood pressure of 160/100 mm 
Hg or higher was found in 8096 of the control 
patients and 2096 of those patients who had re- 
ceived pulsatile flow (p « 0.05). All control pa- 
tients in whom hypertension developed had 
elevated plasma renin, while the2 patients with 
hypertension in the treatment group cid not. 


There was no correlation between the d2gree of. 


hypertension and the magnitude of plasma 
renin elevation in the control patients. 


Comment 


Serious complications following aorta—coronary ` 


artery bypass are infrequent, and the mortality 
for this operation in patients with stabl2 angina 
is low. Transient hypertension is a irequent 
early postoperative complication, and the inci- 
dence has been reported to range from 33 to 


.. 5896 (4, 6, 10]. This complication appears to be 


peculiar to myocardial revascularization and is 
not seen with such frequency following other 
open or closed cardiac operations. 
Postoperative hypertension often reaches se- 
vere levels and persists until treated in most 
instances. The sequelae of such hypertension 
can cause marked subendocardial ischemia [1, 


2]. The combination of increased afterload and 
impaired subendocardial oxygenation is often 
implicated in the production of low-output 
syndrome following aortocoronary operations. 

The cause of transient postoperative hyper- 
tension has yet to be elucidated. Patients in 
whom notable hypertension develops consis- 
tently demonstrate elevated peripheral vascu- 
lar resistence [6, 10]. Angiotensin is one of 
the most potent naturally occurring vasocon- 
strictors in humans. Taylor and co-workers [13] 
demonstrated that angiotensin is elevated fol- 
lowing aortocoronary bypass operations. They 
implicated the induction of the renin-angio- 
tensin system in the production of postopera- 
tive hypertension. 

Standard cardiopulmonary bypass is carried 
out with roller pumps delivering nonpulsatile 
perfusion. Improved end organ function has 
been demonstrated repeatedly with pulsatile 
flow [3, 5, 7, 8, 9, 12, 14]. Many and associates 
[8] demonstrated that with a constant perfu- 
sion pressure, nonpulsatile flow activates the 
renin-angiotensin system, resulting in elevated 
concentrations of renin in peripheral blood. 
Goodman and co-workers [5] also demonstrated, 
utilizing the radioactive microsphere tech- 
nique, that nonpulsatile aortic flow redistrib- 
utes blood flow in the kidney, in favor of the 
juxtamedullary cortex, and is associated with 


elevated plasma renin. It is, therefore, reason- 
able to assume that pulsatile flow during whole 
body perfusion would abolish or dampen the 


activation of the renin-angiotensin system, re- 
sulting in a lowered incidence of postoperative 


hypertension. 


> Our results indicate that pulsatile flow re- 


“duced induction of the renin-angiotensin sys- 


tem followed by a lesser incidence of post- 
operative hypertension. Plasma catecholamine 
response, however, was unaffected by pulsatile 
flow. This factor could explain why hyperten- 
sion still occurred in the absence of significant 
renin production in patients receiving pulsatile 
flow. 

. In summary, we believe that both the induc- 
tion of the renin-angiotensin system and the 
development of elevated circulating plasma cat- 
echolamines are involved in the production of 
the transient postoperative hypertension ob- 
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served following aorta—coronary artery bypass 
operations. 
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Discussion 

DR. CHARLES D. CAMPBELL (Chicago, IL): This paper 
by Dr. Landymore and associates reviews the physi- 
ological aspects of renin release after coronary artery 
bypass with pulsatile and nonpulsatile flow. The 
ability to obtain pulsatile flow that is equivalent to 
physiological flow during cardiopulmonary bypass 
with any device is questionable, although this and 
other pulsation units appear to obtain a pulse pres- 
sure of 25 to 40 mm Hg. 

The mechanisms for renin secretion are many. 
They can te renal receptors, either afferent arteriolar 
barostats or macula densa natriastats, the nervous 
system, cétecholamines, plasma potassium levels, 
plasma angiotensin feedback suppression, or other 
humoral agents such as vasopressin, cyclic adenosine 
monophos»hate, prostaglandins, or possibly renin- 
stimulating hormone. 

As early as 1940, Kohlstaedt and Page suggested 
that a change in pulse pressure might be important 
in renir secretion. In 1963, Skinner and associates 
suggested that small changes in mean arterial pres- 
sure affect zenin release but changes in pulse pres- 
sure or in total renal blood flow are less effective. 

Using blocking agents, investigators have con- 
cluded that the receptor responsible for the increased 
renin secretion of sympathetic stimulation is a beta- 
adrenergic receptor, which can be blocked by pro- 
pranolol. Presumably this beta-receptor stimulation 
is mediated both by renal nerves and circulatory 
catecholamines liberated by the adrenal medulla. 

Renin, which may be secreted through the kidneys 
secondary tc various responses, reacts with a plasma 
globulin to »roduce angiotensin I, which is also an 
inactive decapeptide. In passage through the lungs, 
it encounters the enzyme that converts it into the 
active octapeptide hormone, angiotensin II, the most 
potent endogenous pressor agent known. Angioten- 
sin II alsc coacurrently summons a volume effect by 
stimulating the adrenal cortex to release aldosterone. 

Recently, studies in hypertensive patients have 
been extended using drugs that block the action of 
angiotensin I (saralasin) or its formation (convert- 
ing-enzyme inhibitor), of which Captopril is an orally 
active form. 

My questions to the authors are: Was there any 
significant di-ference in the mean arterial pressure or 
cardiac output between the pulsatile and nonpul- 
satile group? Was there a significant difference in the 
dosage of propranolol between the two groups? It 
would be diKicult, but was any attempt made to 
measure total body water and sodium in the two 
groups? Why did the renin elevation occur after non- 
pulsatile flow was discontinued? Have the authors 


n. 
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utilized the renin blocking agents to better elacidate 
the role of renin in hypertension after coronary artery 
bypass? 

Finally, despite the physiology involved, in the 
clinical situation hypertension is much ezsizr to 
control than hypotension. 


DR. ROBERT W. M. FRATER (New York, NY): I found 
this a most interesting paper on a subject tha- clearly 
demands serious attention and that is, I think. very 
difficult to analyze. 

We have been studying renin, too, although cur- 
rently we are somewhat behind Dr. Landyrrore and 
his colleagues in our attempt to do a rancomized 
control study of pulsatile versus nonpulsatile bypass. 
But in our preliminary studies using nonpulsatile 
bypass in 32 patients, we found no significant in- 
crease in renin except in a small subgroup of 9 of the 
patients, all previously nonhypertensive. Be:o-e car- 
diopulmonary bypass was started, these 9 showed a 
significant rise in renin levels. The only co-relation 
we could find was that they had had a dispropor- 
tionate fall in systemic vascular resistance afer in- 
duction. The remaining 23 patients, whose renin 
levels were unchanged, had maintained the systemic 
vasculer resistances at levels measured befcre in- 
duction. We could not implicate nonpulsatile bypass 
in the renin rise; rather, it was an event that occurred 
before bypass. 

What anesthetic was used for this study? I 
apologize for asking this question if it was ramed. 
We have used halothane because, from our previous 
studies comparing it with morphine anesthesia, we 
know that there is a significantly higher systemic 
vascular resistance with morphine. This may be a 
factor that will complicate your analysis of pulsatile 
versus nonpulsatile bypass. 


DR. L. HENRY EDMUNDS (Philadelphia, PA): I wish to 
mention two possible mechanisms for the .ncreased 
renin production during nonpulsatile cardtosulmo- 
nary bypass and offer evidence against a th_rc possi- 
ble mechanism. First, loss of pulse pressure during 
nonpulsatile bypass may stimulate caro-ic baro- 
receptors to reflexly cause the kidneys to secrete 
more renin. Second, loss of pulsatility may cause a 
change in blood distribution within the kidney, as 
the authors have mentioned. However, pulsatility 
does not influence the amount of blood flow reaching 
the whole kidney. In experiments reported in the 
Journal of Applied Physiology, we compared 2 hours 
of pulsatile normothermic bypass to nonpulsatile 
bypass in rhesus monkeys. Flow distribu-icn to all 
organs and tissues was studied by five cifferent 
radio-tagged microspheres. Pulsatility did not affect 
flow distribution to any organ or tissue. The only 
effect was on the volume of urine made during 


bypass; it was higher in the monkeys who had pul- 
satile bypass. 
I compliment the authors on their fine study. 


DR. JAMES P. GEIGER (San Francisco, CA): I wish to 
compliment the authors on the thoroughness of their 
study and the reporting of data that, I think, will 
uncover some fascinating areas for all of us in the 
field of perfusion. 

I first became interested in this topic about 1967 
when I was pursuing some studies on hypertension 
after coarctation repair and was able to demonstrate 
some elevated levels of renin and aldosterone. I 
would suggest that Dr. Landymore’s group might 
look also at aldosterone levels in any future studies. 
My results are not complete or reported, but I did 
look at some selected instances of specific cardiac 
problems. One of these problems, and a major inter- 
est, was aortic insufficiency. We demonstrated that 
many of the patients had elevated renin levels before 
they underwent repair. Immediately following repair 
using a single roller pump, the levels dropped to near 
normal. I would also suggest that the elevated renin 
level is responsible for some of the paradoxical 
hypertension that is seen in the patient with long- 
standing aortic insufficiency. 


DR. LANDYMORE: In answer to Dr. Campbell's ques- 
tions, there was no statistically significant difference 
between the mean arterial pressures or cardiac out- 
put between the control group and those patients 
receiving pulsatile flow. There was no significant 
difference between the mean dosages of propranalol 
in the two groups. No attempt was made to measure 
body water or total sodium. We are aware, however, 
that renin metabolism is affected by these factors. All 
patients in the study were on regular diets with no 
salt restriction and were not given any medications 
that would cause salt or water depletion. For exam- 
ple, all patients on a regimen of diuretics were ex- 
cluded from the study. Renin production is stimu- 
lated during bypass by a number of contributing 
factors, including excess sympathetic discharge as 
evidenced by elevated catecholamines, initial tran- 
sient hypotension at the onset of bypass, and non- 
pulsatile flow during the period of bypass. The 
effects of these factors are not observed during 
cardiopulmonary bypass because with the onset of 
bypass the main source of converting enzyme is re- 
moved from the circulation. Ninety percent of con- 
verting enzyme is found in the lungs and, therefore, 
with the onset of bypass, is not available to the 
circulating angiotensin I. During bypass, core 
hypothermia to 28°C was utilized in each patient. | 
Hypothermia will retard the rate reaction of normal 
renin production. Following the termination of 
bypass with perfusion of the lungs and core re- 
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warming, the main source of angiotensin is again 
made available to the circulation and the kinetics of 
the renin-angiotensin system return to normal. It is 
at this time that we observe the maximum peak in 
renin levels. During our research we have not made 
use of renin-blocking agents. 

I was interested in Dr. Frater’s results. While he 
did not observe a significant increase in renin during 
his preliminary studies, we have found that plasma 
renin measured 215 hours following the termination 
of bypass is often increased by a factor of four com- 
pared with resting values. I think it is important to 
consider the factors that affect renin metabolism. 
Although we do not normally taper Inderal (pro- 
pranolol hydrochloride) at our institution, we discon- 


tinued it before operation in this study as we were 
aware tha: Inderal depresses the renin-angiotensin 
system. Dzuretics also have to be considered because 
they afectrenin metabolism. There are many factors 
affectirg tne renin-angiotensin system that must be 
considerec before an experimental study is de- 
signed. 

A few papers that investigate hypertension and 
renin metabolism following cardiac operation have 
been pubkshed in the last 2 years. The authors did 
not select tneir patients, and I think this is the reason 
that their results differ from ours. 

As for the anesthetic, we also used halothane. 

I thank Dr. Edmunds and Dr. Geiger for their 
comments. 


Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery now 
requires that candidates pass both the written 
and oral portions of the certifying examination. 
In 1980 and thereafter, a written examination 
will be given prior to the oral examination. It 
will be necessary to pass the written examina- 
tion before the oral examination can be taken. 


The closing date for registration for 1981 is Au- 
gust 1, 198). The exact times and places of these 
examinaticns will be announced later. 

Please address all communications to the 
Americen 3oard of Thoracic Surgery, 14640 E 
Seven Mile Road, Detroit, MI 48205. 


A Prospective Evaluation 


of the Pulsatile Assist Device 


G. Lionel Zumbro, Jr., M.D., George Shearer, C.C.P., 
Malcolm E. Fishback, M.D., and Ronald F. Galloway, M.D. 


ABSTRACT Conversion of roller pump flow to 
pulsatile flow by the pulsatile assist device (PAD) is 
said to result in improved myocardial preservation 
and a decrease in the incidence of perioperative 
myocardial infarction. The clinical advantages of the 
PAD were evaluated in a prospective randomized 
study of 100 consecutive coronary artery bypass op- 
erations. Serial electrocardiograms, creatine phos- 
phokinase isoenzyme studies, and myocardial scans 
with technetium-labeled pyrophosphate faled to 
demonstrate any significant difference between pa- 
tients with the PAD and those receiving nonpalsatile 
flow. Plasma hemoglobin levels were signiticantly 
higher in the PAD group indicating increased blood 
trauma. Other potential disadvantages of the PAD 
are discussed. Based on this study, we see few ad- 
vantages of the PAD in routine coronary bypass op- 
erations. 


It has been reported that conversion of nor.pul- 
satile roller pump flow to pulsatile flow b the 
pulsatile assist device (PAD) offers several ad- 
vantages [1-4]. Bregman and associates [1] sug- 
gested that the PAD provides improved myo- 
cardial preservation and a decreased incicence 
of perioperative myocardial infarction, but 
there have been no controlled clinical stc d:es to 
support their conclusions. In a previous retro- 
spective evaluation [11], we could find few ad- 
vantages of the PAD over nonpulsatile pump 
flow during coronary bypass procedures The 
present study was performed in a prospective 
randomized fashion to better delineate the ef- 
fect of the PAD on myocardial preservation 
and perioperative myocardial infarction during 
coronary bypass operations. 


From the Thoracic Surgical Service, University -lospital, 
Augusta, GA. 


Presented at the Fifteenth Annual Meeting of The 35o-iety of 
Thoracic Surgeons, Jan 15-17, 1979, Phoenix, AZ 


Address reprint requests to Dr. Zumbro, Suite 2-2, 820 St. 
Sebastian Way, Augusta, GA 30902. 


Materials and Methods 

From October, 1977, to May, 1978, 100 consecu- 
tive patients undergoing coronary artery 
bypass operation were randomized prospec- 
tively. Fifty patients received nonpulsatile 
perfusion and 50 received pulsatile perfusion 
produced by the PAD.* All operations were 
performed by the same primary surgeon (C. L. 
Z.) utilizing intermittent ischemic arrest and 
moderate systemic hypothermia (28° to 30°C). 
The PAD was turned off while the aorta was 
clamped to avoid intimal injury. Saphenous 
veins were utilized almost exclusively. Only 6 
patients received an internal mammary graft. 

All distal anastomoses were performed first 
with the patient on cardiopulmonary bypass, 
and proximal anastomoses were performed last 
while the patient was being rewarmed. Peri- 
operative myocardial injury was evaluated by 
serial electrocardiograms and creatine phos- 
phokinase (CPK) II isoenzyme studies per- 
formed immediately after operation and for the 
first three postoperative days. Myocardial scans 
with technetium 99m-labeled pyrophosphate 
were done between the second and fourth post- 
operative days. Patients were considered to 
have sustained a perioperative myocardial in- 
farction if the ECG demonstrated new Q waves, 
loss of R wave progression or permanent con- 
duction defects. Patients with positive myocar- 
dial scans were considered to have sustained a 
perioperative myocardial infarction regardless 
of ECG findings. Lesser degrees of myocardial 
injury were evaluated by 5-T segment depres- 
sion of 2 mm or more and CPK II isoenzyme 
levels. 

Blood trauma was evaluated by measuring 
free plasma hemoglobin and platelet counts 
immediately following operation. 

Data were analyzed by the Student t test, 
standard chi-square test, or fixed effects analy- 


*Datascope Corp., Paramus, NJ 
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Characteristics of Study Groups 
Variable 


Mean age (yrs) 

Sex 

Ejection fraction > 50%? 

Mean cardiopulmonary bypass time” (min) 
Mean cross-clamp time? (min) 

Mean number grafts per patient 

Left main coronary occlusion? 


With PAD Without PAD 


54 55 


8 women; 42 men 8 women; 42 men 


40 patients 42 patients 
102 + 41 89 + 33 
24 t 11 27 + 13 
3.6 3.5 
9 patients 10 patients 





*Chi square less than 1 with 1 degree of freedom, no significant difference. 


Student paired ¢ test, no significant difference (p > 0.05). 


PAD = pulsatile assist device. 


sis of variance [9]. Statistical significance was 
indicated by ap value < 0.05. The characteris- 
tics of each study group are shown in the Table. 
Age and sex were similar in each group. Pump 
time was slightly longer in the PAD group; 
however, this difference was not statistically 
significant (p > 0.05). Average ischemia time 
was similar in each group. The number of 
bypass grafts ranged from 1 to 9 with a mean of 
3.6 grafts per patient in the PAD group and 3.5 
grafts per patient in the group receiving non- 
pulsatile perfusion. Twenty percent of each 
group had 5096 or greater narrowing of the 
diameter of the left main coronary artery. 


Results 
There were no operative deaths in either group. 
The intraaortic balloon was not required for any 
patient. However, 2 patients in the PAD group 
received 10 to 15 minutes of additional PAD 
support following cessation of cardiopulmo- 
nary bypass because of an initially high left 
atrial pressure (greater than 20 mm Hg) asso- 
ciated with a low systemic arterial pressure. 
There were two (4%) perioperative infarcts in 
the nonpulsatile flow group and three (696) in 
the PAD group. Continuous inotropic drips 
were necessary in 2 (496) patients in the PAD 
group and 1 (296) patient in the group receiving 
nonpulsatile flow. Transient intraventricular 
conduction defects (left bundle-branch block, 
right bundle-branch block, or left anterior 
hemiblock) occurred in 7 (1496) patents re- 
ceiving pulsatile flow and 8 (16%) patients re- 
ceiving nonpulsatile flow. Transient 5-T seg- 


ment depression of 2 mm or more was seen in 8: 


INTERNATIONAL UNITS Per LITER 





IMMEDIATE 
PosT-(P 


2ums, HBS. 


Creatine phosphokinase II isoenzyme levels following 
coronary artery bypass operation in two groups of pa- 
tients, one group receiving pulsatile perfusion with a 
pulsatile assist device (PAD) and one group receiving 
nonpulsatile perfusion. (* = Fixed effects analysis of 
variance, no statistically significant difference.) 


patients (16%) in the PAD group and 4 patients 
(8%) in the other group. 

CPK II isoenzyme levels are shown in the 
Figure. There was no statistically significant 
difference in CPK II isoenzyme levels immedi- 


^" 
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ately after operation and 24 and 48 hours after 
operation. 


Significant S-T segment depression was more 


common in the group receiving pulsatile flow 
but was not statistically significant. Theze was 
also no difference in the need for inotrop.c sup- 
port while the patients were being weaned 
from cardiopulmonary bypass. 

Free plasma hemoglobin levels were signifi- 
cantly higher in the PAD group compared with 
the group receiving nonpulsatile perfusion: 80 
+ 40 mg per 100 ml and 56 + 29 mg per 100 ml, 
respectively (p « 0.01). There was no signifi- 
cant difference in platelet levels following car- 
diopulmonary bypass: 159, 170/mm? for the PAD 
group and 164, 841/mn?? for the other grcup. An 
inadequate pulse pressure (less than 30 mm Hg) 
with the PAD occurred in 5 (1096) patieats. On 
one occasion, extremely high line pressures de- 
veloped and the PAD was discontinuec. 


Comment 

It is well recognized that pulsatile perfusion 
during cardiopulmonary bypass is phvsiolog- 
ically better for organ perfusion than acnpul- 
satile pump flow. However, creation o: pul- 
satile flow from standard roller pump flow has 
numerous disadvantages, including blood 
trauma and increased cost and complexity [5, 
11]. Pappas demonstrated the effectiveness of 
using an intraaortic balloon to create »clsatile 
cardiopulmonary bypass 16, 7]. However, the 
attendant morbidity associated with insertion 
of the balloon into the femoral artery m-litates 
against its routine use to create pulsetile car- 
diopulmonary bypass. The PAD was the first 
simple clinical in-line device that produced 
pulsatile pump flow [1—3, 5]. It offered the ad- 
ditional advantage of temporary coun-erpulsa- 
tion following cessation of bypass. Sirce the 
surgeon in this study (G. L. Z.) utilized brief 
periods of intermittent ischemic arrest, it ap- 
peared the PAD was ideally suited tc provide 
periods of pulsatile flow to the myocardium 
each time the aortic cross-clamp was removed. 
This was believed to be especially tree during 
periods of ventricular fibrillation since experi- 
mental studies have shown improved suben- 
docardial perfusion with pulsatile flow during 
ventricular fibrillation [8]. 


A previous retrospective study by us failed to 
demonstrate any significant clinical advantage 
of the PAD in day-to-day routine coronary 
bypass procedures [11]. Moreover, our earlier 
experience had directed attention to potential 
PAD-related problems. These include the pos- 
sibility of a fractured aorta at the site of cross- 
clamping, instability of the aortic cannula, the 
possibility of gaseous emboli during the nega- 
tive phase of pulsation, occasional inconsistent 
counterpulsation, increased cost and com- 
plexity of the line, and increased trauma to 
blood. This prospective randomized study was 
performed to obtain objective information con- 
cerning the benefits of the PAD in offering 
myocardial protection during routine coronary 
bypass procedures. 

As judged by the clinical variables measured 
in this study, there is no discernible advantage 
to using the PAD for routine coronary opera- 
tions. In fact, there are some disadvantages, 
most notably increased hemolysis and in- 
creased cost and complexity of the perfusion 
lines. Another problem that concerns us and 
other investigators [10, 11] is gaseous emboli 
seen during the negative phase of pulsation 
while the pump lines are being recirculated. 
Gaseous emboli detected in vitro may not be 
present in vivo. Further studies should be done 
to establish the safety of negative phase pulsa- 
tion with respect to gaseous embolization. In- 
stability of the aortic cannula is a potential 
problem during pulsation and requires special 
attention to the securing of the arterial cannula. 
A final disadvantage is the possibility of tran- 
section of the aorta at the cross-clamp site. In our 
earlier study [11] 3 patients sustained near total 
transection. Subsequently, we have turned the 
PAD off during the period of clamping the aorta 
and have not had a recurrence of this complica- 
tion. Because of the popularity of current tech- 
niques of cold cardioplegic myocardial preser- 
vation, the primary advantages of the PAD are 
improved peripheral organ perfusion and 
counterpulsation capability following cessation 
of cardiopulmonary bypass. In view of the in- 
creased cost accompanying usage of the PAD, 
lack of evidence of myocardial protection dem- 
onstrated in this study, and possibility of gas- 
eous emboli and increased blood trauma, we 


272 The Annals of Thoracic Surgery Vol 28 No 3 September 1979 


have discontinued use of the PAD in routine 
coronary bypass operations. We still consider 
use of the PAD in the extremely high-risk pa- 
tient who is likely to require a period of coun- 

terpulsation following cessation of cardiopul- 
| monary bypass. 
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Discussion 
DR. DAVID BREGMAN (New York, NY): A safe and 
simple method of creating pulsatile cardiopulmonary 
bypass is now available on a routine basis for clinical 
use. Certainly, since our initial description of the 
pulsatile assist device at this meeting in 1977, our 
experience with more than 600 patients at the 
Colunibia-Presbyterian Medical Center has sup- 
ported this statement. 

In spite of the fact that Dr. Zumbro and his col- 
leagues have not been able to reproduce our data, we 


have consistently shown the following effects of pul- 
satile flow: First, pulsatile flow increases urinary 
output and has virtually eliminated postoperative 
renal failure. We have not seen one case of pure post- 
operative renal failure among our last 600 patients 
receiving pulsatile flow. By not providing pulsatile 
tlow during cross-clamping and by failing to achieve 
physiological pulse pressures of 40 to 50 mm Hg in 
approximately 20% of his patients, Dr. Zumbro has 
minimized this most published and widely quoted 
advantage of pulsatile flow. The size of the aortic 
cannula, which was not stated, is extremely impor- 
tant. Cannulas less than 24F increase hemolysis, and 
with them it usually is not possible to achieve physi- 
ological pulse pressures. The small size of Dr. Zum- 
bro's clinical series coupled with their normal left 
ventricular function makes it hard to draw any firm 
conclusions on the benefits or disadvantages of pul- 
satile cardiopulmonary bypass either on the heart or 
on the periphery. 

Second, strcke and other neurological complica- 
tions of cardiopulmonary bypass are minimized with 
pulsatile flow. There was only one cerebrovascular 
accident in our clinical series of 600 patients. There- 
fore, the allusion to one study suggesting that the 
pulsatile assist device causes gaseous emboli seems 
unfounded, especially since the entire experimental 
design of that study is open to question. 

Third, the use of intraaortic balloon pumping after 
operation has been markedly decreased in our series 
of patients receiving pulsatile flow, even in patients 
with preoperative impaired left ventricular function 
who comprised three-quarters of our clinical series. 
We have now minimized preoperative intraaortic 
balloon pumping and, in fact, have employed in- 
traaortic balloon pumping only seven times post- 
operatively in 600 patients. Six of the 7 patients were 
weaned from the balloon and were discharged from 
the hospital. 

Other clinical observations in our series include a 
decrease in peripheral vascular resistance, minimal 
subendocardial ischemia, a decreased time for nor- 
malization of S-T segment and T wave changes after 
cross-clamping, a decrease in postoperative myocar- 
dial infarction (currently our rate of perioperative 
infarction is 1.896 in this entire series), a marked 
decrease in the postoperative requirement for ino- 
tropic support, a decreased time for cooling and re- 
warming during cardiopulmonary bypass, a de- 
creased time for weaning from cardiopulmonary 
bypass patients who have impaired left ventricular 
function, and a shorter stay in the postoperative in- 
tensive care unit. 

Clearly, the issue of pulsatile flow is not settled. 
However, itis our current belief that in 1979, the best 
myocardial protection for a patient with a depressed 
or impaired left ventricle undergoing an open-heart 
operation is to employ hypothermia and cold potas- 
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sium cardioplegia, and to reperfuse with syrchro- 
nous pulsatile perfusion in an empty beating heart. 


DR. MARTIN J. KAPLITT (Manhasset, NY): In 1974, we 
described the concept of an in-line device for the 
express purpose of providing counterpulsation be- 
fore and after bypass at the flip of a switch and with- 
out the need to insert an intraaortic balloon pump at 
the end of a cardiopulmonary run. It was our belief 
that if such a device were to be useful to the cardiac 
surgeon, it would have to be safe, simple, effective, 
and inexpensive. These elements would allow i: to be 
employed in most patients since the surgeon could 
not anticipate those patients who might run in-5 dif- 
ficulty on the pump. 

The device we have employed in more then 300 
patients consists essentially of a piece of Tygon tub- 
ing that has been expanded in its central portion, 
through a system of heat and pressure, so as to pro- 
vide compressibility. It is very important to under- 
stand that this is a single-unit construction with no 
joints, no connections, and no fusion points. It is 
merely a single piece of tubing run in and ou: of an 
external housing so that the central part can be com- 
pressed. 

With regard to pulsatile bypass, which is < com- 
pletely different discussion from the original czncept 
of having a simple device in the line for coun-erpul- 
sation, I would point out that during the recovery 
phase from cardioplegia, good pulsatile flow zan be 
provided in a counterpulsating mode so that tre peak 
pressures come in diastole and a good wave form is 
produced. We did not utilize a pulsatile flow 
routinely throughout the run in all elective cases de- 
spite the fact that the device is in the line. 

As for the marked variability in pulsatile flow, 
both with regard to the variability of creatirz pul- 
satile flow as well as some of the complications that 
Dr. Zumbro encountered, there is a marked dif- 
ference in construction among the devices. That used 
by Dr. Zumbro, the one Dr. Murphy has used, and 
the device that we have been using are quite 1nlike. 
One difference is critical. What we call a thir. outlet 
device of the type used by Dr. Zumbro and his group 
can collapse at its joint before it exits from the hous- 
ing and cause a shuddering and fluttering effect. Dr. 
Zumbro’s group noted this and concluded there was 
instability of the aortic cannula and the possibility of 
intimal injury. In contrast, a thick outlet tubing, like 
the Tygon tubing we have been using, does not col- 
lapse at its outlet when pressure is introduced, and 
gives a more uniform type of pulsatile effect- 


With regard to hemolysis, I think that in addition 
to the size of the aortic cannula, it should be pointed 
out that there is no need to squeeze the device so that 
its walls touch and thereby damage the formed ele- 
ments of the blood. Because there is no need to 
squeeze the device empty, thereby creating hemoly- 
sis unnecessarily, care should be taken to see how 
much pressure is being applied. 


DR. ZUMBRO: I appreciate Dr. Bregman’s comments. 
However, we disagree in many aspects concerning 


the efficacy of the pulsatile assist device. Only 10% of 


our patients had ineffective pulsation of less than a 
30 mm pulse pressure. 

I do not believe that it has been clearly demon- 
strated that the pulsatile assist device decreases the 
instance of renal failure. In my experience, it has of- 
fered no advantage in patients with compromised 
renal function. However, it is true that patients re- 
ceiving pulsatile flow do show increased urine out- 
put during the pump run. 

We routinely use a 24F angled cannula, which is 
more than adequate in diameter to receive a good 
pulse pressure from the pulsatile assist device. We 
have observed subsequently that an angled cannula 
flutters more than a straight cannula and could be a 
factor in creating increased hemolysis when pulsatile 
flow is utilized. Of our patients, 20% did have sig- 
nificant impairment of ventricular function and an 
additional 20% had a diseased left main coronary 
artery. I believe this represents a significant number 
of high-risk patients and probably reflects a cross 
section of patients undergoing coronary operation 
every day in the United States. 

I don’t believe there is data to support reperfusion 
of the beating heart with pulsatile flow. A paper pre- 
sented to this Society last year suggested the benefits 
of pulsatile flow are seen primarily in the fibrillating 
heart. 

I have personally used Dr. Kaplitt’s pulsator on one 
occasion. It is clearly a different device. The entrance 
and exit areas of the Kaplitt device consist of thicker 
tubing and do not collapse during pulsation as the 
Datascope device certainly does. Negative phase pul- 
sation is not necessary and, in my opinion, can be 
hazardous particularly if there is a small leak in the 
pump tubing proximal to the device. This can result 
in aspirating air into the arterial line, producing air 
embolism. Although we have not seen this occur 
clinically, it continues to be of great concern to us. In 
general, with the current, cold cardioplegic tech- 
niques, I see few advantages to the additional cost 
and complexity of pulsatile assist devices. 


Dynamic Behavior of Prosthetic Aortic Tissue 
Valves as Viewed by High-Speed Cinematography 


W. Gerald Rainer, M.D., Robert A. Christopher, Ph.D., 
Theodore R. Sadler, Jr., M.D., and Alan D. Hilgenberg, M.D. 


ABSTRACT Using a valve testing apparatus of our 
own design and with a high-speed (600 to 800 frames 
per second) 16 mm movie camera, films were made 
of Hancock porcine, Carpentier-Edwards porcine, 
and Jonescu-Shiley bovine pericardial valves 
mounted in the aortic position and cycled under 
physiological conditions at 72 to 100 beats per min- 
ute. Fresh and explanted valves were observed using 
saline or 36.5% glycerol as the pumping solution. 
When fresh valves were studied using saline solu- 
tion as the pumping fluid, the Hancock and 
Carpentier-Edwards porcine valves showed high- 
frequency leaflet vibration, which increased in fre- 
quency with higher cycling rates. Abnormal leaflet 
motion was decreased when glycerol was used'as the 
blood analogue. The Ionescu-Shiley bovine pericar- 
dial valve did not show abnormal leaflet motion 
under these conditions. 

Conclusions drawn from tissue valve testing 
studies that use excessively high pulsing rates and 
pressures (accelerated testing) and saline or water as 
pumping solutions cannot be transposed to predict 
the fate of tissue valves in a clinical setting. 


The ability to predict, with reasonable confi- 
dence, the ultimate longevity and fate of artifi- 
cial heart valves has met with varying degrees 
of success in the past. Accelerated testing and 
standardization of testing procedures can be 
applied with reasonable uniformity in eval- 
uating valves made with metal, plastic, and 
other nonbiological components. However, the 
widespread acceptance of tissue valves in re- 
cent years has added a new dimension to the 
implementation of testing procedures, the in- 
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terpretation of data gathered, and the transfer- 
ence of conclusions concerning the ultimate fate 
of the valve under more nearly physiological 
conditions. | 

In this report we detail our experience to date 
in the evaluation of tissue valves by studying 
their behavior with high-speed cinematog- 
raphy and discuss possible pitfalls in transpo- 
sition of certain data obtained in vitro to clini- 
cal conditions. 


Materials and Methods 


Using a valve testing apparatus of our own de- 
sign (Fig 1) and previously described [10, 11], 
studies were conducted on valves of the fol- 
lowing types: Hancock porcine, Carpentier- 
Edwards porcine, and Ionescu-Shiley bovine 
pericardial. During this study, all valves were 
mounted in the aortic position. Flow through 
the system was pulsatile, and pressures and 
flow rates were maintained within physiolog- 
ical limits. Valves were cycled at 72, 88, and 100 
beats per minute (bpm). Using a motorized 
Eastman high-speed 16 mm camera with a 
custom-designed lens system, movies to ascer- 
tain valve behavior were made at 600 to 800 
frames per second. The angle of the camera to 
the valve was approximately 60 degrees from 
the perpendicular, and the highly-polished Lu- 
cite housing caused minimal optical distortion. 
The system was primed with either 0.996 saline 
solution with added formaldehyde (10 ml of 496 
solution per 20 liters of saline) or with 36.5% 
glycerol solution as a blood analogue. 

Valves tested were fresh, unused valves 
supplied by the manufacturers* or explanted 
from patients after varying survival periods. 
Fresh valves were removed from storage so- 
lutions for as brief a period of time as possible 
(usually not in excess of one hour during any 


*Hancock Laboratories, Anaheim, CA; Edwards Labora- 
tories, Santa Ana, CA; Shiley Laboratories, Irvine, CA. 
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Fig 1. Valve testing apparatus showing the position of 
the valve mount (arrow) in the Lucite housing and the 
angle of the high-speed camera. 


test run); after the test, priming solution was 
rinsed off and the valve was replaced in 
glutaraldehyde or formaldehyde for continued 
storage. Prolonged exposure to glycercl was 
avoided [7, 16], and accelerated testing was not 
performed on any valve in this study. 


Results 

Analysis of films made when fresh valves and 
saline prime were used showed asynchrony of 
leaflet opening in the Hancock porcine | Fig 2) 
and Carpentier-Edwards porcine (Fig 3) valves. 
During end-systole, one or more leaflets of 
these valves showed full leaflet undulation and 
high-frequency leaflet tip vibration, always oc- 
curring in a septal leaflet with muscle bar where 
present. Frequency of undulation and flutter 
increased with an increasing cycle rate (up to 
100 bpm in this study) and became strikingly 
less noticeable or absent in a glycerol prime 
solution or when an explanted valve was used 
for study. The Ionescu-Shiley bovine pericar- 
dial valve, whether fresh or explanted and 
whether tested in saline or glycerol so ution, 
showed no unusual leaflet motion and leaflet 
opening was almost uniformly synch-onous 
(Fig 4). Changes in cycling rate did not alter 
these observations. 


Comment 

The intensity of the abnormal leaflet motion 
seen in our studies would appear to be of the 
magnitude that would produce tissue damage if 
sustained. This might explain the discrepancy 
between some reported studies [2] in which 


major fatigue occurred under experimental 
conditions at 34 million to 65 million cycles (1 to 
2 equivalent-years) and clinical reports [3, 5, 8, 
9, 13-15] suggesting acceptable durability of 
tissue valves up to 7 years. Clark and colleagues 
[2] suggested that in vitro and clinical data for 
tissue valves do not correlate, and we would 
agree. 

In contrast to the high-frequency leaflet vi- 
bration noted in the Hancock porcine and 
Carpentier-Edwards porcine valves, there is es- 
sentially no vibration or opening asynchrony 
seen in the behavior of the Ionescu-Shiley 
bovine pericardial valve. Factors to consider in 
the explanation of this phenomenon include 
thicker leaflets in these valves and the uni- 
formity of leaflet size and shape of the Ionescu 
valve compared with the natural porcine con- 
figuration. 

Based on our observations, the two major 
factors responsible for the discrepancy between 
the laboratory and clinical findings in tissue 
valves are choice of priming solution and rate of 
cycling. Wright [16, 17] has proposed that the 
priming solution of choice in tissue valve test- 
ing is saline, and he states that a mixture of 
glycerin and water can cause leaflets to stiffen 
"over a period of a few minutes." This is in 
variance with our observations; however, we 
have carefully avoided prolonged exposure of 
tissue valves to glycerol and have concerned 
ourselves with valve behavior rather than em- 
phasizing gradient study. Certainly, for the 
short periods of study required in our testing, 
we have not been impressed with any change 
in flexibility of leaflets in fresh, unused, care- 
fully handled valves. On the other hand, 
explanted valves that we have studied do not 
show a significant abnormal leaflet motion even 
when studied in saline solution. We would 
suggest that the "plasma" coating during im- 
plantation (or in combination with fixative after 
explantation) may stiffen the valve leaflet 
enough to minimize leaflet flutter especially 
along the thinner free leaflet edge. 

The second consideration—rate of cycling— 
seems important from two viewpoints: in- 
creased frequency of vibration with increased 
cycling rate and abnormally high pressures 
(usually exceeding 200 mm Hg) required in 
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Fresh Hancock — Aortic 23mm 
Saline 

125/85 5.2 L/min. 

80 bpm 


Fig 2. Sequential (every sixth frame) photographs of a 
fresh Hancock porcine valve. Points A and B are refer- 
ence points common for each frame numbered in se- 
Hj quence. The line drawing is a composite design to depict 
— leaflet flutter and vibration. 
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Fresh Carpentier-Edwards 
Aortic — 23mm 

Saline 

125/85 4.8 L/min. 

72 bpm 


p 
Fig 3. Sequential photographs of a fresh Carpentier- 


Edwards valve. See Figure 2 for details. 
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Fresh lonescu-Shiley 
Universal—27mm 
Saline 

124/80 4.4L/min. 

72 bpm 


Fig 4. Sequential (every sixth frame) photographs of a 
fresh lonescu-Shiley valve. No line drawing is neces- 
sary because leaflet flutter does not occur. 
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most accelerated testing systems. The effect of 
leaflet vibration has been alluded to alreacy and 
higher frequency vibrations simply accelerate 
the process of tissue destruction. Accl2rated 
testing may involve cycling rates up to 2,100 
bpm. Greatly increased pressures are required 
to accomplish this rate and most likely ccntrib- 
ute further to tissue fatigue and destructicn [7]. : 

Finally, clinical studies to date have not 
borne out the fatigue problems as predicted by 
laboratory studies in which nonphysiological 
conditions prevail. Isolated accounts [1, 4, 6, 12] 
of tissue valve failure have been reported but 
the incidence of failure due to tissue disruption 
of fatigue has been impressively smal. Cur- 
rently, it would seem appropriate to »e cir- 
cumspect in transference of laboratory findings 
to the clinical environment. Further and more 


sophisticated testing under physiological con- - 


ditions will be worthwhile. But the ultimate 
fate of the valves will be disclosed by close, 
methodical clinical follow-up and careful ex- 
amination of retrieved valves. 
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Discussion 
DR. RICHARD EDWIN CLARK (St. Louis, MO): Last year 
we reported to this Society our experience with ac- 
celerated fatigue testing of a variety of valves in- 
cluding the tissue valves, which, much to our sur- 
prise, fatigued at 35 to 65 million cycles. This short 
durability in a machine was totally out of keeping 
with the clinical experience with porcine valves. Like 
Dr. Rainer, we, too, have been interested in why 
these valves broke so early in an accelerated fatigue 
tester. 

Consequently, during the past year we have tested 
a variety of tissue valves in a new, closed, low- 
volume accelerated tester in which the geometry of 
the human aortic root is simulated in Lucite. This 
was to overcome one of the criticisms of our previous 
work. It was thought by some critics that the flow 
patterns had a major influence on the durability of 
leaflet valves in an accelerated tester. Second, we 
used sterile fresh-frozen human plasma matched for 
blood type to overcome the criticism of use of 
glutaraldehyde media, which was employed in pre- 
vious studies. We found that the tissue valve tested 


. broke at the same rate and fatigued significantly at 


the same number of cycles in the new tester as did 
the same valves in the old one that did not have 
human plasma or simulated anatomy. The cycling 
rate in the new tester was 20 cycles per second versus 
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35 cycles per second used previously. Thus, the tis- 
sue valves tend to break early in a range of cyclic 
rates of 20 to 30 cycles per second. It is clear that the 
defects in these valves tested in vitro are exactly the 
same type of defects now appearing in clinical re- 
ports. Although we cannot predict when any par- 
ticular valve is going to fail in any given patient, the 
sites of fatigue are now known. 


DR. RAINER: We are indebted to Dr. Clark and his 
group for their elegant studies in the past and ap- 
preciate his comments. We continue to be concerned 
as to the exact reason why the findings in the labo- 


ratory canrot be transposed to the clinical behavior 
of these va.ves. Certainly, under accelerated testing 


conditions, not only is the rate much faster than 


under physiological conditions, but the pressures 
required to generate these rates usually are high aiso. 
I would sav that, regardless of Dr. Clark’s findings 
and conclusions, the failure rate clinically of tissue 
valves certainly falls within an acceptable range and 
certainly is lower than nontissue valves at present. 
Although Cr. Clark does say that the valves will fail 
in the seme way, it seems to me that if the numbers 
are acceptably small over a period of 7 to 8 years, or 
longer, this is an acceptable rate of failure. 


“ 


The Importance of Hyperkalemia in a Cold Perfusion 
Solution: A Correlative Study Examining Myocardial 
Function, Metabolism, Tissue Gases, and Substrates 


William H. Heydorn, M.D., Col, MC USA, William Y. Moores, M.D., Lt Col, MC, USA, 
John Mack, M.D., Maj, MC, USAF, and Walter Dembitsky, M.D., Lt Comdr, MC, USN 


ABSTRACT ‘Twenty-four pigs were studied to as- 
sess the effect of potassium in a cardioplegic solu- 
tion on the ability of the swine myocardium to 
maintain functional and metabolic integrity -ollow- 
ing induced ischemia. The pigs were evaluated on 
total and right heart bypass with measurement at 
normothermia and after a one-hour intervertion of 
stroke volume (SV), coronary blood flow (CBF), 
myocardial oxygen consumption (MVo,), anc lactate 
extraction. Myocardial tissue gases (Pm), and 
PmCO,) were continuously monitored and. at the 
conclusion of the procedure tissues were analyzed 
for adenosine triphosphate (ATP). There were five 
interventions: (1) hypothermic perfusion (28°C) 
(Group 1); (2) hypothermic ischemia (28°C) (Group 2); 
and hypothermic ischemia with a cardioplegic solu- 
tion (nonlactated Ringer’s solution, pH 7.4, 4°C) 
using (3) normokalemia (4 mEq of potassicm chlo- 
ride/L, 300 mOsm/L) (Group 3), (4) hyperkal2mia (43 
mEq of KCI/L, 390 mOsm/L) (Group 4), and (5) nor- 
mokalemia with increased osmolarity (3.6 mEq of 
KCI/L, 400 mOsm/L) (Groups 5). A signifiant de- 
crease in SV and elevation in peak PmCO, were seen 
in all groups subjected to ischemia except those 
protected with hyperkalemic solution. 

We conclude that the presence of hyperkalemia in 
a cold root perfusion solution provides be‘ter myo- 
cardial protection than cold root perfusicn alone. 
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Furthermore, potassium arrest appears to be mare 
protective than coronary perfusion at 28°C. 


Interest and controversy continue to exist about 
techniques used for myocardial protection 
during periods of cardiac ischemia necessitated 
by cardiac operation. Methods of protection 
have included systemic hypothermia, topical 
hypothermia [8], and root perfusion hypother- 
mia with associated pharmacological cardiac ar- 
rest [20]. The injection of a cold solution into 
the aortic root produces a more uniform level of 
hypothermia than surface cooling alone. It has 
been stated that hypothermia alone is the un- 
derlying agent and that the addition of potas- 
sium chloride (KC1) does not enhance the pro- 
tective effect [11]. The purpose of this study was 
to evaluate the importance of potassium in a 
cold perfusate used in conjunction with sys- 
temic hypothermia in regard to its effects on 
ventricular function, coronary blood flow 
(CBF), metabolism, tissue gases, and tissue 
high-energy substrates. 


Materials and Methods 

Twenty-four immature swine (average weight, 
23 kg) were included in the study. Each of the 
five experimental groups had 5 pigs, except 
Group 5, which had 4. The groups were stud- 
ied to determine the role of potassium in a 
cold cardioplegic solution compared with 
hypothermia alone or cardioplegia with low 
potassium solutions, both  isosmotic and 
hyperosmotic. The five experimental interven- 
tions evaluated were as follows: (1) systemic 
hypothermia (28°C), Group 1; (2) hypothermic 
ischemia (28"C), Group 2; and hypothermic 
ischemia with aortic root perfusion (250 ml of 
nonlactated Ringer's solution, pH 7.4, 4°C) 
using (3) normokalemia (4 mEq of KCI/L, 300 
mOsm/L), Group 3; (4) hyperkalemia (43 mEq of 


282 The Annals of Thoracic Surgery Vol 28 No 3 September 1979 


Table 1. Composition of Cardioplegic Solutions 


Group Group Group 

Elements 3 4 5 
Sodium (mEq/L) 155 154 143 
Potassium (mEq/L) 4 43 3.6 
Chloride (mEq/L) 153 189 139 
Calcium (mEq/L) 4 3.9 3.6 
Bicarbonate (mEq/L) 10 12 11 
Mannitol (gm) e. e. 25 
pH 7.4 7.4 7.4 
Osmolarity (mOsm/L) 300 390 400 


KCIL, 390 mOsm/L), Group 4; and (5) nor- 
mokalemia with increased osmolarity (3.5 mEq 
of KCI/L, 400 mOsm/L), Group 5. In Group 5 
osmolarity was increased by adding mannitol 
to the nonlactated Ringer's solution. The exact 
composition of all solutions is given in Table 1. 

All animals received halothane for induction 
of anesthesia, nitrous oxide and meperidine 


Fig 1. Diagram of swine heart model. (SVC — superior 
vena cava; LA = left atrium; RA = right atrium; LV = 
left ventricle; RV = right ventricle; IVC = inferior 
vena cava.) 
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hydrochloride for maintenance, and succinyl- 
choline chloride for paralysis. Halothane was 
administered for 10 minutes or less until an 
intravenous line was established for admin- 
istration of meperidine hydrochloride. A 
trachecstomy was performed, the animal was 
intubated with a cuffed tube, and machine- 
controlled ventilation was begun. Ventilation 
was altered and bicarbonate was administered 
to maintain satisfactory acid-base balance (pH, 
7.35 to 7.45), which was monitored with an au- 
tomated blood gas analyzer." Blood oxygen 
contents were directly measured using the 
Lex-O;-Con-TL oxygen analyzer.* Arterial Po, 
was maintained between 100 and 150 mm Hg. 
Esophageal and myocardial septal temperatures 
were constantly monitored using probes con- 
nected to a thermometer.! 

The animals were connected to an extracor- 
poreal perfusion circuit with venous drainage 
of the cavae and perfusion of the aortic root (Fig 
1). Switching from aortic to left atrial perfusion 


*Model 813, Instrumentation Laboratory, Lexington, MA. 
tLexingtor. Instruments Corporation, Waltham, MA. 


{Model 43 TD, Yellow Springs Instrument Company, Yel- 
low Springs, OH. 
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and draining the right ventricle and coronary 
sinus made right heart bypass and CBF mea- 
surements possible. This method of animal 
preparation was an elaboration of that usec for 
swine by Behrendt and Jochim [1]. Pressure- 
monitoring catheters connected to pressure 
transducers* were placed in the aortic root and 
left ventricle. A calibrated Sarns pump! was 
used with disposable oxygenators. 

Moderate hemodilution (10 gm of aemo- 
globin per 100 ml of blood) was employed. A 
mean aortic pressure of 100 mm Hg was main- 
tained during cardiopulmonary bypass, except 
during right heart bypass working periods and 
determination of function curves. Rate was 
maintained with ventricular pacing (140 beats 
per minute) after the conduction system had 
been blocked by injection of formalin using the 
technique of Steiner and Kovalik [19]. Preload 
was controlled by regulating pump flow into 
the left ventricle through the left atrium. After- 
load could be increased by constricticn of a 
tourniquet on the descending aorta o- de- 
creased by removing blood from the aortic root 
using a shunt from the arterial pump circuit 
into the venous reservoir. All flows and pres- 
sures were recorded on a Honeywell cardiac 
catheterization recording system. The surgical 
preparation took approximately two hours from 
induction until the first measurements were 
made. This was followed by a 10-minute period 
of left heart work (blood pressure, 80 mm Hg; 
left ventricular end-diastolic pressure [LVEDP], 
8 mm Hg), measurement of ventricular func- 
tion, cooling to 28°C, and a one-hour experi- 
mental condition, (60 minutes of bypass ct 28°C 
in Group 1 and 60 minutes of ischemia in all 
other groups). At the end of this period the 
animal was rewarmed and the resting aeart al- 
lowed to recover for 30 minutes. A second pe- 
riod of cardiac work was followed bv final 
evaluation of cardiac function. 

After determination of the initial function 
curve, a mean time of 8 + 1 minute was re- 
quired to cool the myocardial septum to 28°C. 
In Groups 1 and 2, the septal temperature was 


*Model P23 1a, Statham Medical Instruments, Inc., Hato 
Rey, Puerto Rico. E 
tModel 5000, Sarns Inc., Ann Arbor, MI. 


main-ained at 29° + 0.4°C during the one-hour 
experimental period. In Groups 3, 4, and 5 a 
single injection of 250 ml of 4°C solution was 
introduced into the aortic root through a No. 14 
catheter within a 2- to 4-minute period. This 
resul:ed in a straight line electrocardiogram, 
clear drainage from the coronary sinus, and a 
mear. septal temperature of 17.6? + 1.1°C 
(Group 3, 18.8? + 1.1°C; Group 4, 17.4°C + 
0.8°C; Group 5, 16.5? + 0.6°C) 5 minutes after 
the solution had been given. Septal tempera- 
ture :hen rose during the ensuing 25 minutes to 
27°C (Group 3, 27° + 0.5°C; Group 4, 27.2? + 
0.5*C; Group 5, 27° + 0°C), which was the tem- 
peracure of the pump blood. Myocardial and 
esophageal temperatures were similar at 29.1° + 
0.3°C when the aortic root clamp was removed. 
To r2warm the animals to 38°C required 18 + 1 
minate, after which all animals were allowed 30 
minutes of nonworking recovery time prior toa 
fina. period of cardiac work and evaluation of 
venricular function. There was no statistical 
difference in temperature between groups re- 
ceiving a cold solution at any time during the 
exp2riment. 

Coronary blood flow, myocardial oxygen 
consumption (MVo,), and lactate extraction 
were measured following a 10-minute work pe- 
riod at the beginning of the experiment, 5 min- 
utes after the one-hour experimental condition, 
anc following a 10-minute work period per- 
formed after rewarming and recovery. Myocar- 
dia. tissue gases (PmO,, PmCO,) were continu- 
ously monitored. At the end of the procedure, a 
tissue specimen of the. right ventricle was 
anzlyzed for adenosine triphosphate (ATP). 

Ventricular function curves were constructed 
by evaluation of stroke volumes (SV) at differ- 
ent LVEDPs at a constant heart rate (140 beats 
pe- minute) and a constant mean aortic pres- 
sure (60 mm Hg). LVEDP was measured di- 
rectly and increased from 4 to 14 mm Hg. SVs 
were determined by dividing the pump output 
by the heart rate and for comparison purposes 
are reported at an LVEDP of 10 mm Hg. 

—oronary blood flow was quantitated by 
timed measurements of coronary sinus and 
right ventricular drainage into a graduated cyl- 
inder. MVo, was calculated as the sum of the 
co-onary sinus and right ventricular drainage 
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times the artery-coronary sinus difference in 
blood oxygen content. All hearts were weighed 
at the end of the procedure so that CBF and 
MVo, could be expressed in milliliters per 100 
gm of tissue per minute. Lactate levels were 
determined in arterial and coronary sinus blood 
according to the technique of Beutler [2], and 
percentage of myocardial lactate extraction was 
expressed as: LE (96) = (La — Les) x 100/La 
where La = arterial lactate concentration and 
Les = coronary sinus lactate concentration. 
Analysis of tissue ATP was done on tissue im- 
mediately collected with Wollenberger metal 
tongs (cooled in liquid nitrogen), according to 
the technique of Lowry and Passonneau [13]. 
Mean values and standard errors of the mean 
were calculated for the control period and the 
period after intervention. Differences between 
periods were analyzed using paired Student's t 
test, and differences between groups were 
evaluated using analysis of variance. 


Results 

A significant decrease in SV (p < 0.05) was seen 
in all groups subjected to ischemia except those 
protected with cold hyperkalemic solution (Fig 
2). SV of pigs in Group 2 decreased from 18.0 + 
2.7 ml to 8.0 + 2.6 ml; in Group 3 from 21.2 + 
2.5 ml to 9.7 + 2.5 ml; and in Group 5, from 20.4 
+ 3.8 ml to 14.2 + 3.0 ml. Function in Group 4 


Fig 2. Initial stroke volume (SV) and stroke volume after 
ischemia at a left ventricular end-diastolic pressure of 
10 mm Hg. 
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hearts, protected with potassium-induced car- 
dioplegia decreased from 21.6 + 3.8 ml to only 
19.9 = 44 ml, which was 92% of the initial 
functicn nd superior to those perfused at 28°C 
for one hour with no ischemic arrest (Group 1, 
20.4 + 2.7 ml to 13 + 1.9 ml [p < 0.1)). 

No significant difference occurred in CBF 
between tne groups that had undergone an isch- 
emic period, i.e., Groups 2, 3, 4, and 5 (Table 
2). Group 4 pigs, having received cold hyper- 
kalemic cardioplegia, did not demonstrate the 
elevation In mean values for CBF that was seen 
in the other groups after 5 minutes of reperfu- 
sion at 2€'C. MVo, was lower in all groups 
when measured after 5 minutes of reperfusion 
at 28°C. No statistically significant difference 
existed between groups. 

Lactate levels measured 5 minutes after re- 
moval of the cross-clamp showed no significant 
evidence o: anaerobic metabolism in any group 
subjected t» ischemia without potassium arrest 
(Group 2, —6.2 + 9.0%; Group 3, —4.7 + 2.5% 
Group 5; ~7.8 + 3%) (Table 3). Lactate extrac- 
tion occurred in pigs undergoing cold perfusion 
alone (Group 1, 1.2 + 4.896) and in those re- 
ceiving potassium cardioplegia (Group 4, 3.9 + 
2.1%). Blood samples taken from the working 
heart after -ewarming and recovery showed no 
significant difference in lactate metabolism 
between groups. 

Tissue gases as measured by the mass spec- 
trometer sFowed oxygen levels to drop from 
mean control levels approximating 70 mm Hg to 
a range of 1D to 30 mm Hg during the ischemic 
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Table 2. Coronary Blood Flow and Myocarsial Oxygen Consumption Values 
before and after 60 Minutes of Ischemia and after Rewarming and Recovery 
i a a a 


After Rewarming 
and Recovery 
(m]/100 gm tissue/min) 


After Isch2mia 
(nI/100 gm tissue/min) 


Initial Value 
(m]/100 gm tissue/min) 





Group CBF MVo: CEF MVo, CBF MVo, 

D 165: 13 IS li 83 t 23 250-12 190 + 50 103 7234 
2 148+ 9 13.4 t 1.9 293 + 68 3.5 + 0.4 230 + 27 8.7 + 1.4 
3 188 + 42 LETI 245 + 47 3.5+1.1 168 + 23 9 1-3 1,9 
4 172 + 31 14.7 + 12 133 17 4.4 t 0.5 250 + 68 13.1 + 3.8 
5 175 + 24 14.3 t 1.7 28) + 39 3.3 £1.8 250+ 4 9621.1 





aNo ischemia. 


CBF = coronary blood flow; MVo; = myocardial zx7gen consumpzion. 


Table 3. Lactate Extraction before 
and after 60 Minutes of Ischemia 
and after Rewarming and Recovery 


Initial After After Rewarming 
Value Ischemia and Recovery 
Group (%) (%) (%) 
I? 68t3.0 12-448 -13+3.5 
2 4523.0 -62£9.0 022421 
3 =O2 2 LU —L7I-c25. 29 EIJ 
4 ITELI 9:93 21 Lae oS 
5 6.8 +08 -7.8+30 3.25635 
aNo ischemia. 
Table 4. Intramyocardial Carbon 
Dioxide Tension (mm Hg) 
Initial Value After Ischemia 
Group (mm Hg) (mm Eg) 
1 46+ 7 | Ps 2 
2 62 + 14 195: 251" 
3 67 = 3 153 + 4.2? 
4 64+ 8 40+ 3.8 
5 72. 9 149 + 34" 


ap « 0.05 (analysis of variance). 


period with return to original levels or Figher at 
the end of the procedure. The peak PmCO, was 
low in animals perfused from the pump (Group 
1, 12 + 2 mm Hg) and those protected by high 
potassium cardioplegia (Group 4, 40 + 3.8 
mm Hg) (Table 4). High peak PmCQ, levels 
were correlated with decreased ventricular 


function with a linear regression coefficient of 
r= + 0.94. 

T-ssue samples of right ventricular muscle 
taken at the end of the procedure and analyzed 
for ATP showed no significant difference be- 
tween groups. When these values were com- 
pared with samples from control pig hearts not 
subjected to cardiopulmonary bypass (9.3 
pmolesimg), all values were decreased. Mean 
values of 2.8 + 2.6 umoles/lmg, 2.5 + 1.1 
p moles/mg, 2.4 + 1.4 umoles/mg, and 3.5 + 1.8 
umoles/mg were found in Groups 1, 2, 3, and 4 
respectively. Levels of ATP were not measured 
in Group 5. 


Comment 

Hypothermia has been accepted as a means of 
preserving myocardial function in hearts sub- 
jected to anoxic arrest. Stiles and co-workers 
[20 demonstrated that the introduction of a 
cold solution into the aortic root provides more 
rapid and uniform cooling of the heart than 
suríace cooling alone. Although some authors 
[5, 11] have believed that hypothermia alone 
prcvides optimal protection, others [6, 7, 9, 10, 
15] have demonstrated that potassium has an 
additive effect and that better myocardial func- 
tion after ischemia occurs when potassium is 
added to a cold cardioplegic solution given 
prior to or during the ischemic period. The re- 
sul:s of this study show that potassium in a. 
cardioplegic solution is beneficial in preserving 
myocardial function during one hour of total 
ischemia. The addition of 40 mEq/L of KCl to 
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Fig 3. (A) Levels of myocardial tissue gases (PmCO, and 
PmO,) in & pig protected with cold potassium arrest (44 
mEglL, 4*C). (B) PmCO, and PmO, levels in a pig sub- 
jected to anoxic arrest at 28°C. 


the cardioplegic solution resulted in a mean 5V 
value that was significantly better than that in 
hearts subjected to anoxic arrest alone (28°C), 
perfused with buffered isosmotic Ringer’s lac- 
tate solution, or perfused with buffered hy- 
perosmotic Ringer's lactate solution and 
mannitol. 

The superior function seen with the addition 
of potassium appears to be a function of potas- 
sium itself rather than increased osmolarity. 
Powell and associates [16] showed that man- 
nitol reduces myocardial injury during acute 
myocardial ischemia by a direct inotropic effect 
as well as by increasing extracellular osmolar- 
ity. The addition of mannitol to -norilactated 
Ringer’s solution to give it an osmolarity simi- 
lar to that obtained by adding KCI (Group 5) 
resulted in a mean SV better than that obtained 
with Ringer’s solution alone (Group 3) but not 
as good as in the high potassium group (Group 
4). 

Recently, results of a study from the Univer- 
sity of Alabama [17] demonstrated that cold isch- 
emic arrest obtained with. a cardioplegic so- 
lution of 30 mEq/L resulted in a lower rate of 
myocardial infarction in patients undergoing 
simultaneous aortic valve replacement and 
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coronary bypass grafting compared with pa- 
tients subjected to mildly hypothermic coro- 
nary pe-fusion. Braimbridge and associates [4] 
showed no difference between the myocardial 
preservation obtained by cold cardioplegia and 
that resulting from continuous coronary perfu- 
sion as assessed by cytological grading of bi- 
opsy specimens. Their clinical study reported 
on patients undergoing double-valve replace- 
ment. Studies such as these and our own labo- 
ratory experience, which showed Group 4 pigs 
with co.d potassium cardioplegia to function 
better after ischemia than those in Group 1 who 
underwent cold perfusion alone, have led us to 
agree that cold cardioplegia is the best tech- 
nique fcr most cardiac operations. 

The measurement of intramyocardial carbon 
dioxide :ension is an indicator of the biochemi- 
cal state of cardiac muscle. Anaerobic metabo- 
lism wil. result in accumulation of intracellular 
and extracellular carbon dioxide [14]. Bixler and 
associates [3] used the peak value of PmCO, 
followinz ischemic arrest to demonstrate the 
advantage of potassium-induced cardioplegia. 
Figure 34 shows the typical response seen in a 
pig in which cold potassium arrest was used at 
the time of aortic cross-clamping, whereas Fig- 
ure 3B demonstrates the typical elevation in 
myocardial PmCO, seen in a pig heart sub- 
jected to anoxic arrest at 28°C. The significantly 
lower peak levels of PmCO, seen in these ani- 
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mals is thought to reflect the rapid metabolic 
arrest caused by potassium and the ability of 
KCI to depress muscle metabolism durirg the 
ischemic period [12]. The findings of an inverse 
correlation between SV and peak PmCQ, are 
similar to those reported by Schaff ard as- 
sociates [18]. Our study confirms and expands 
their experience by demonstrating the correla- 
tion of an elevated PmCO, with a decreased 
capability of the postischemic myocardium to 
perform volume and pressure work. Because 
the SV measurements were made under zondi- 
tions of constant heart rate, mean aortic pres- 
sure, and left ventricular loading pressures, we 
have interpreted these depressions in SV to be 
due to decreased myocardial contractilitv. 

In summary, we have demonstrated that the 
presence of hyperkalemia in a cold root perfu- 
sion solution provides better myocardial pro- 
tection during one hour of ischemia then cold 
root perfusion alone. This effect appears to be 
due to the presence of potassium itself and is 
not a function of increased osmolarity. Signifi- 
cantly better ventricular function as measured 
by SV and improved myocardial metabalism as 
monitored by intramyocardial carbon dioxide 
tension support this conclusion. The nansig- 
nificant trends in regard to better lactate extrac- 
tion and higher levels of tissue ATP also lend 
support to the effectiveness of cold potassium 
cardioplegia. Furthermore, ischemic arrest for 
one hour with potassium-induced cardioplegia 
resulted in better function than did an hour of 
systemic coronary perfusion at 28°C. On this 
basis, we recommend its use clinically when- 
ever prolonged periods of ischemic cardiac 
arrest are necessary. 
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Discussion 

DR. WILLIAM A. GAY, JR. (New York, NY): My thanks 
to Dr. Heydorn for providing me with an advance 
copy of his manuscript. There is no one in this room 
who is a more avid proponent of hypothermic potas- 
sium cardioplegia than I am. I agree with most of Dr. 
Heydorn's conclusions, with the possible exception 
that an hour of hypothermic potassium arrest is 
better than an hour of cardiopulmonary bypass 
alone. 

My agreement with the conclusions, however, is 
based largely on my experience and that of others 
rather than the data presented, because I think that 
the data do not warrant the drawing of these conclu- 
sions. First, if the authors were indeed trying to 
compare hypothermia and potassium arrest, I don't 
believe that perfusion at 28°C, even with root infu- 
sion of 250 mm at 4°C, is giving hypothermia a fair 
trial, especially since there is no mention of mea- 
surement of intramyocardial temperatures, nor was 
there any mention of recorded myocardial tempera- 
ture later. Many investigators are now emphasizing 
the importance of myocardial temperatures at less 
than 20°C. 

Second, I would have been much happier with the 
assessment of ventricular function had the authors 
displayed the actual curves. Selection of a single 
point, such as a left ventricular end-diastolic pres- 
sure of 10 mm Hg, gives us no idea of either diastolic 
compliance or contractile state of the myocardium. 
Since it is possible that a state of myocardial edema 
contributed significantly to the decrease of ventricu- 
lar function, some measure of the myocardial water 
would seem to be warranted; the ratio of wet weight 
to dry weight would have been satisfactory. 

Third, although it renders the hearts totally un- 
suitable for any type of functional analysis, serial 
myocardial high-energy phosphate determinations 
rather than a single determination after ischemia 
would yield a much better idea of what is happening 
` to the heart metabolically. 

Fourth, no mention is made of unclamping or re- 
perfusion technique, and since much attention has 
recently been focused on this aspect of myocardial 
protection, I would appreciate the authors telling us 
if there were any alterations in either pressure or 
perfusate constitution at the time of unclamping. 

Finally, and very much on the positive side, I 
commend the authors on their selection of the pig as 
the experimental animal. Although we have learned 
a great deal from the dog in past studies of myocar- 
dial protection, I suspect that the authors are on the 


right track in using an animal more closely related to 
the human. 


DR. BENSON B. ROE (San Francisco, CA): Dr. Heydorn 
and his colleagues are to be thanked for providing 
some valuable evidence in support of the controver- 
sial role of potassium in myocardial protection. 
While Cr. Gay is correct about the flaws in the study 
which could invalidate its conclusions, I believe the 
authors have provided positive support for the role 
of potassium. 

It has been gratifying to note the rapid acceptance 
of ischemic myocardial cold perfusion and cardio- 
plegia in the face of early strong resistance. It has 
been distressing to me, however, to see so much effort 
directed toward theoretical adjuncts or refinements of 
the fundamentals and so little emphasis on the practical 
problems and the vicissitudes of delivery, which I con- 
sider to be of far greater significance. 

I personally have observed frequent failure to pro- 
vide adequate aortic root pressures for effective de- 
livery, to verify competence of the aortic valve, and 
to inject sufficient volume for effective cooling. Dr. 
Gay's remarks and Dr. Chiu's emphasis yesterday on 
monitoring myocardial temperature are most im- 
portant in the utilization of this modality. It takes a 
theoretical minimum of 800 ml uniformly distributed 
to reduce a 400 gm heart to 15°C. Myocardial temper- 
ature monitoring is an essential adjunct clinically, as 
it should have been in the experiments described in 
this otherwise excellent paper. 


DR. PETER R. MAGGS (Boston, MA): I enjoyed this 
paper and have looked at the same problem in a 
slightly different way. A few years ago the question 
of whether potassium was needed at all was very 
much alive. I think now it is clear that potassium is 
needed but that the level required has not been de- 
fined. A high level of potassium certainly works well 
but, in a clinical situation using adequate volumes, 
as Dr. Roe and others have suggested, can result in 
very higt serum levels of potassium in the patient. 
We have seen a few in the range of 8 mEq per liter. 
Accordingly, we studied 30 canine hearts using three 
levels of potassium—no potassium, 5 mEq per liter, 
and 25 mEq per liter—and otherwise identical so- 
lutions in an attempt to find out what level might be 
best. We ased an excised dog heart preparation that 
was arrested for an hour. Ventricular function and 
compliance curves were constructed by the in- 
traventricalar balloon technique. We kept the hearts 
at exactly 15°C throughout the arrest period. This was | 
confirmec by intramyocardial temperature probes. 
The results showed that the solution with 25 mEq of 
potassium. preserved both compliance and contrac- 


tility essentially perfectly through this period, that 


the 5 mEq solution showed some protection but was 
clearly inferior, and with the temperature controlled 
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exactly between the groups, the protection of the 
hypothermia alone without hyperkalemia was de- 
cidedly inferior both with regard to compliance and 
contractility. 

I would like to ask Dr. Heydorn whether he has 
any compliance data, as did Dr. Gay, and also 
whether he would venture a guess as to what might 
be the optimal level of potassium that we should be 
using. 


DR. HEYDORN: I thank the discussants for their 20m- 
ments. Dr. Gay and Dr. Roe are certainly amonz the 
forerunners in the field of potassium cardioplegia. 

We were surprised to find that the animals sub- 
jected to ischemia with potassium cardioplegic pro- 
tection performed better than those with no ischemia 
and a 60-minute perfusion at 28°C. This may be a 
function of perfusion pressure, and it is possible 
that a pressure of 100 mm Hg may not be advisable at 
a myocardial temperature of 28°C. 


Septal temperatures were continuously monitored 
in all animals. The infusion of the cold solution re- 
sulted in mean septal temperatures of 17°C after 5 
minutes, which gradually rose to 28°C at 25 minutes 
and remained there for the rest of the experimental 
period. This suggests to us that clinically single-dose 
cardioplegia may not be the best technique and that 
reinfusion at 20-minute intervals may be indicated. 

Complete ventricular function curves were per- 
formed but not reported. They do not alter the results 
of the study. Serial ATP levels would have been pref- 
erable; however, our technique did not permit this. 
The drill method reported by Ellis and Ebert at the 
Surgical Forum 1977 would have made this possible. 
At the end of the 60-minute experimental period the 
clamp was removed and then there followed re- 
warming to 38°C and a 30-minute recovery period in 
a nonworking state. 

In clinical practice, we use 25 mEq per liter of 
potassium chloride rather than the 40 mEq used in 
the experiment. 


CASE REPORT 


Repair of Interrupted Aortic Arch 
and Aortopulmonary Window in an Infant 


John G. Jacobson, M.D., George A. Trusler, M.D., and Teruo Izukawa, M.D. 


ABSTRACT The diagnosis and repair in infancy of 
interrupted aortic arch and aortopulmonary window 
is described. Using deep hypothermia and circula- 
tory arrest, aortic continuity was established with a 
prosthetic graft, which was anastomosed to the aortic 
orifice of the aortopulmonary window. The pulmo- 
nary artery side of the aortopulmonary window was 
closed directly. Postoperative cardiac catheterization 
demonstrated a good reconstruction. Previous ex- 
perience with this rare variety of interrupted aortic 
arch complex is reviewed. 


The rare combination of aortic arch interruption 
and aortopulmonary window has been recog- 


nized in the past decade [4, 7-9]. Repair in one 


or more stages and palliative procedures have 
been described for this complex anomaly [4, 7, 
9]. There has been no report of complete repair 
in infancy though this would be preferable to 
prevent pulmonary vascular disease. This paper 
describes a one-stage repair of aortopulmonary 
window, interrupted aortic arch, and persistent 
ductus arteriosus in an infant 10 months old. 


A white female infant, weighing 2.3 kg, was 
born in África after an uncomplicated preg- 
nancy and delivery. During pregnancy, the 
mother had been on a regimen of chloroquine 
for malaria prophylaxis and small doses of 
diethylstilbestol. Shortly after the child's birth, 
the family moved to North America. When the 
infant was 2 months old, a cardiac murmur was 
discovered, and five months later, a cardiology 
consultation documented absence of palpable 
femoral pulses and an arm-leg blood pressure 
gradient of 35 mm Hg by Doppler measure- 
ment. There was a grade 3/6 midsystolic ejec- 
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tion murmur heard at the apex and in the aortic 
area. À chest roentgenogram showed a promi- 
nent left ventricle and increased pulmonary 
vascularity, and an electrocardiogram indicated 
right ventricular hypertrophy. Cardiac cath- 
eterization when the patient was 8 months 
old revealed a step-up in oxygen saturation at 
the pulmonary artery level (Table 1). While the 
oxygen saturation was 95% in the left ventricle 
and ascending aorta, it was only 8096 in the 
descending aorta and left pulmonary artery. 
The systolic blood pressure was similar in both 
ventricles, the ascending aorta, and the main 
pulmonary artery but it was only 62 mm Hg in 
the descending thoracic aorta. Angiocardiog- 
raphy irom the aortic root showed a type A in- 
terruption of the aortic arch between the left 
subclavian artery and the ductus arteriosus, an 
intact ventricular septum, and filling of the 
pulmonary artery through an aortopulmonary 
window (Fig 1). The pulmonary hypertension 
and retarded physical growth were considered 
indications for early repair. 

When the infant was 10 months old and 
weighed 6.1 kg, the cardiovascular defects 
were repaired using deep hypothermia and cir- 
culatory arrest. She was surface cooled to 32°C 
with ice bags during anesthetic induction and 
median sternotomy. Inspection of the heart re- 
vealed a 20-mm wide communication between 
the ascending aorta and the large main pulmo- 
nary artery. Careful hemostatic dissection of the 
ductus arteriosus and proximal descending 
aorta confirmed the discontinuity between the 
aortic arch and the descending aorta. Cardio- 
pulmonary bypass was established with an as- 
cending aortic cannula and a single right atrial 
cannula. Tourniquets around the right and 
left pulmonary arteries were occluded to pre- 
vent overperfusion of the lungs. After 21 min- 
utes of core cooling, the patient's temperature 
was 14°C esophageal and 22°C rectal. Bypass 
was stopped and the patient's blood volume 
was partially drained into the venous reservoir. 
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Table 1. Preoperative Cardiac Catheterization? 


O- saturation 


Pressure (mm Hg) 





Site (%) Phasic Mean 

Superior vena cava 60 a wave = 7, 6 
v wave = 6 

Right atrium 60 

Inferior vena cava 57 ia 

Right ventricle 60 96/6 T 

Main pulmonary artery F1 94/55 66 

Left pulmonary artery 80 87/52 66 

Descending aorta 80 62/46 92 

Ascending aorta 95 96/60 78 

Left ventricle 95 95/5 





Pulmonary to systemic flow ratio = 2.3:1. Total ^ulmonary vascular resistance = 693 dynes/sec/cm ?/m?. 





Fig 1. Preoperative aortogram. Anteroposterior v ew 
shows filling of the aorta and brachiocephalic vessels 
with simultaneous filling of the pulmonary artery 
through the aortopulmonary window. 


Three hundred ml of cold cardioplegic so ution 
was infused into the aortic root and recovered 
from the right atrium. 

The ductus arteriosus was ligated and di- 
vided close to the pulmonary artery. With the 
ductus used for traction, the proxima de- 
scending thoracic aorta was secured with c vas- 


cular clamp and the ductus tissue was excised at 
its junction with the aorta. As the mobilization 
necessary for a direct aortic anastomosis 
seemed too extensive, a preclotted 10-mm 
woven Dacron graft was sutured end-to-end to 
the descending thoracic arota (Fig 2). The aor- 
topulmonary window was entered by detach- 
ing the main pulmonary artery from the as- 
cending aorta. The obliquely cut proximal end 
of the Dacron graft was anastomosed to the 
aortic orifice of the aortopulmonary window. 
The adjacent defect in the main pulmonary ar- 
tery was closed by direct suture. Cardiopulmo- 
nary bypass was resumed after 49 minutes of 
circulatory arrest. After 34 minutes of rewarm- 
ing, bypass was discontinued. Hemodynamics 
after bypass were satisfactory, with a right 
ventricular pressure of 45/5 mm Hg compared 
with an aortic systolic pressure of 90 mm Hg. 
Hemostasis was not a problem. 

The infant had an uncomplicated convales- 
cence. The endotracheal tube was removed on 
the first postoperative day. No inotropic drugs 
were required, and she was discharged from 
the intensive care unit on the second post- 
operative day. Cardiac catheterization on the 
twelfth postoperative day revealed normal 
pressures in the reconstructed aorta (Table 2). 
The aortogram showed that the prosthetic graft 
was establishing aortic continuity and that 
there was no communication with the pulmo- 
nary artery (Fig 3). The patient was discharged 
home on the sixteenth postoperative day; no 
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Fig 2. (A) In this anomaly, there was aortic arch inter- 
ruption beyond the left subclavian artery and a large 
aortopulmonary window. Blood entered the descending 
aorta from the pulmonary artery by way of the ductus 
arteriosus. (B) To accomplish repair, the ductus was ex- 
cised, the aortopulmonary window was divided, and 
aortic continuity was established by interposing a 
prosthetic graft between the ascending and descending 
aorta. 


regimen of medication was prescribed. At out- 
patient examination five months after opera- 
tion, the infant had gained weight and was 
asymptomatic. The femoral pulses were nor- 
mal. There was a grade 2/6 ejection systolic 
murmur in the second left intercostal space an- 
teriorly. The chest roentgenogram was satis- 
factory, and there was less evidence of right 
ventricular hypertrophy on the electrocardio- 
gram. 


Table 2. Postoperative Cardiac Catheterization’? 





Comment 

This report indicates the feasibility of one-stage 
repair of the combination of aortopulmonary 
window and interrupted aortic arch in an in- 
fant. Early repair is important because of the 
rapid progression of pulmonary vascular dis- 
ease from high pulmonary blood flow through 
the aortopulmonary window. In addition, there 
is a high mortality from cardiac failure in the 
first few months of life among infants with in- 
terrupted aortic arch. Increased experience with 
profound hypothermia and circulatory arrest, 
and improved respiratory support of infants 
have made early surgical repair of these lesions 
possible. 

The surgical management of aortopulmonary 
window has varied depending on a number of 
factors: whether the diagnosis was made pre- 
operatively or intraoperatively, the size of the 


a aaalllt 


O, Saturation 


Pressure (mm Hg) 





Phasic Mean 


eee LLL 


Site (90) 
Superior vena cava 58 
Right atrium 58 
Inferior vena cava 62 
Right ventricle T 
Left pulmonary artery 61 
Descending aorta 

Ascending aorta 95 


Left ventricle 


a wave = /, 4 
v wave = 5 


40/2 


40/16 24 
110/68 82 
90/60 ia 
90/2 


“Pulmonary to systemic blood flow rati 


o = 1.1:1. Total pulmonary vascular resistance = 678 dynes/sec/cm */m?, 
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Fig 3. (A) Anteroposterior and (B) lateral aortozrams 
made after repair showing aortic continuity established 
by a prosthetic graft. 


defect, the position of the defect, and tne rela- 
tive positions of the aorta and main pulmonary 
artery. Before the availability of the pump 
oxygenator, aortopulmonary windows were 
either ligated or divided. It is now preferable to 
do the repair on cardiopulmonary bypass by 
open techniques, patching the defect through 
the pulmonary artery or aorta. In 1976, Clarke 
and Richardson [5] discussed the management 
of aortopulmonary window, citing the advan- 
tage of transaortic closure of the defect with a 
Dacron patch. In most cases, we have used an 
incision in the pulmonary artery, close to the 
window because it is slightly anterior to the 
aorta. 

There are now a number of reports of suc- 
cessful early complete repair of interrupted 
aortic arch and its associated defects in infancy. 
Most authors have used a Dacron or vein graft 
to establish aortic continuity [2, 6, 11, 14]. 
Monro and co-workers [10] repaired the aorta in 
a 6-month-old infant using a tube formed from 
a flap of pulmonary artery and the persistent 


ductus arteriosus. In a 13-day-old infant we 
were able to create a direct anastomosis be- 
tween the end of the descending aorta and the 
side of the ascending aorta [13]. Bowman [3] 
and Bailey and associates [1] have also had suc- 
cess with direct aortic anastomosis. We prefer 
this technique to the use of a graft but in the 
10-month-old infant discussed here adequate 
mobilization of the descending aorta appeared 
too difficult, at least from a median sternotomy 
exposure. Consequently, we repaired the aorta 
with a 10-mm diameter Dacron graft, and, un- 
doubtedly, it will need to be replaced in the 
future. 

While a patent ductus arteriosus is nearly al- 
ways present and a ventricular septal defect is 
the most common intracardiac lesion with in- 
terrupted aortic arch, an aortopulmonary win- 
dow is uncommon, and, when it does occur, 
the ventricular septum is usually intact. Ito 
and co-workers [9] in 1977 reported the suc- 
cessful repair of interrupted aortic arch and 
aortopulmonary window in a girl 3 years old. 
From that article plus a recent publication by 
Sissman [12], it appears that there have been 
only four reported cases of successful repair of 
this combination of defects, and all patients 
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were at least 2 years old. Our patient was 10- 
months-old at the time of operation, and the 
one-stage repair through a median sternotomy 
proved remarkably simple using deep hypo- 
thermia and circulatory arrest. In an older 
and larger patient, a wider exposure might be 
required. 
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COLLECTIVE REVIEW 


Tracheal Agenesis 


Richard S. Faro, M.D., Charles D. Goodwin, M.D., 
Claude H. Organ, Jr., M.D., Robert T. Hall, M.D., 
Thomas M. Holder, M.D., Keith W. Ashcraft, M.D., 


and Raymond A. Amoury, M.D. 


ABSTRACT Tracheal agenesis is a rare cause of 
respiratory distress in the neonatal period. Tempo- 
rary survival depends on ventilation through the 
esophagus. Thirty-eight case reports of ‘racheal 
agenesis (including one from this institution) have 
appeared in the literature. In this paper, we present 
the case reports of our 2 patients and review tne liter- 
ature. Tracheal agenesis is associated with a wide 
variety of congenital anomalies, the most frequent 
being ventricular septal defect. A new classification 
encompassing seven types of tracheal agenes:s is de- 
scribed. 


In 1900, Payne [30] reported on a patient with 
tracheal agenesis. This is an extreme y rare 
condition and, to date, 38 cases have appeared 
in the literature, including 1 from this mstitu- 
tion [1-13, 15-21, 23-33, 35-37]. In this paper, 
we report on the 2 patients seen at the Chil- 
dren's Mercy Hospital and review the litera- 
ture. Based on this material, a new classifica- 
tion of the anomaly is recommended. 


Patient 1* 

A male infant weighing 1,860 gm was bcrn two 
months prematurely following a pregnancy 
complicated by polyhydramnios. Apgar scores 
of one and four were obtained at one and five 
minutes, respectively. The baby was intubated 
because of respiratory distress and transferred 
to the Children’s Mercy Hospital, Kanses City, 
MO, when he was 3 hours old. The patient was 
limp, cyanotic, and apneic. At admission, arte- 
rial blood gas studies showed a pH of 7.90, a 
Pco, of 66 mm Hg, and a Po, of 77 mm Hg. A 
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*Modified from material in Effman et al [8]. 


chest roentgenogram revealed bilateral pulmo- 
nary opacification. Removal of the endotracheal 
tube was followed immediately by inadequate 
ventilation. Attempts at reintubation were un- 
successful, and tracheal agenesis was sus- 
pected. Endoscopy revealed a normal larynx 
and a 1 cm tracheal pouch. The infant died early 
on the first day of life. Esophagoscopy and 
esophagogram (postmortem) revealed a com- 
munication between the main bronchi and the 
distal esophagus. 

At postmortem examination, the trachea was 
absent. The main bronchi joined in the mid- 
line and communicated directly with the 
esophagus. Additional congenital anomalies 
included mitral atresia, left ventricular aplasia, 
aortic valve atresia, hypoplasia of the ascending 
aorta, patent ductus arteriosus, and a patent 
foramen ovale. 


Patient 2 

A female infant weighing 2,150 gm was born 
one month prematurely following a pregnancy 
complicated by polyhydramnios. Apgar scores 
of one and four were obtained at one and five 
minutes, respectively. She was cyanotic, and 
resuscitation efforts were begun immediately. 
Attempts at nasotracheal intubation were un- 
successful. A chest roentgenogram revealed 
bilateral pulmonary opacification, and the in- 
fant was transferred with mask ventilation to 
the Children’s Mercy Hospital for further man- 
agement. 

The chest was symmetrical with bilateral 
rales, and a systolic ejection murmur was audi- 
ble over the left sternal border. Initial arterial 
blood gases showed a pH of 7.35, a Po, of 44 
mm Hg, and a Pco, of 18 mm Hg. She was 
intubated through the esophagus and placed on 
a ventilator. Breath sounds were audible over 
both lung fields. Arterial Po; was maintained at 
55 mm Hg. On the second hospital day, a right 
pneumothorax developed after bronchial suc- 
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Fig 1. (Patient 2.) The larynx is normal; the proximal 
trachea is absent; and the tracheal carina arises from 
the anterior wall of the esophagus. The probe is in the 
esophageal opening of the tracheoesophageal communi- 
cation and has been passed into the left main bronchus. 


tioning and high pressure ventilation, and was 
treated with multiple chest tubes. On the third 
day of hospitalization, arterial Po, ranged be- 
tween 30 and 40 mm Hg. An attempt to reposi- 
tion the airway tube was unsuccessful, and 
tracheal agenesis was suspected. Intubation of 
the esophagus with a tracheostomy tube was 
performed, with no improvement in ventilatory 
status. An esophagogram demonstrated a com- 
munication with the bronchi. The infant died 
on the third day of life. 

At postmortem examination, the larynx was 
normal. The distal trachea communicated di- 
rectly with the esophagus (Fig 1). The carina 
rose from the anterior wall of the esophagus. 
The junction of carina and esophagus was 
marked histologically by the appearance of car- 
tilage in the esophageal wall (Fig 2). The 
esophageal respiratory tube was lined with 
stratified squamous epithelium and esophageal 
mucous glands. A 0.6 cm ventricular septal de- 
fect was also present. 
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Fig 2. (Patient 2.) High-power view ( X40) of the 
tracheoesophageal junction showing (tracheal) cartilage 


in the anterior wall of the esophagus and secretory 
glands. (H&E.) 


Comment 
Tracheal agenesis is a very rare anomaly and is 
uniformly fatal. Polyhydramnios is the most 
frequent complication of pregnancy and was a 
consideration in both patients we saw. Thirty- 
eight cases of tracheal agenesis have been re- 
ported to date. Most of the infants reported on 
were males weighing less than 2,500 gm. Those 
born alive had difficulty breathing, and 
esophageal intubation improved ventilation 
temporarily. Most of the infants died within 24 
hours, the longest survival being six weeks [12]. 
The pathogenesis of tracheal agenesis in un- 
known. Development of the respiratory system 
begins in the embryo toward the end of the 


Fig 4. Classification and distribution of tracheal agenesis 
(based on the 38 patients reported previously in the lit- 
erature and on the new patient reported here). Type A: 
total pulmonary agenesis (3 patients or 8%); Type B: 
tracheal agenesis in which the main bronchi arise di- 
rectly from the esophagus (4 patients or 10%); Type C: 
tracheal agenesis in which there are fused main bronchi 
with bronchoesophageal fistula (22 patients or 56%); 
Type D: tracheal agenesis in which the larynx ts joined 
to the distal trachea through an atretic strand and a 
tracheoesophageal fistula is present (4 patients or 10%); 
Type E: upper tracheal agenesis in which there ts a di- 
rect tracheoesophageal communication (2 patients or 
5%); Type F: tracheal agenesis in which there is a blind 
bronchial bifurcation and no esophageal communication 
(2 patients or 5%); and Type G: short-segment tracheal 
agenesis (2 patients or 5%). 
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Fig 3. Embryological development of the respiratory 
tree. 
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third week when it is approximately 3 mm long. 
The laryngotracheal groove appears on the an- 
terior side of the foregut below the pharynx (Fig 
3). This groove progressively deepens and 
separates the trachea from the digestive tube. 
The process proceeds in the caudocephalad di- 
rection, with the cephalic end remaining in 
communication with the foregut. Thus, the 
trachea is differentiated ventrally and the 
esophagus, dorsally. The trachea elongates 
caudally and bifurcates into two lateral swell- 
ings, the lung buds or primary tracheal buds. 

Keith and Spicer [20] attributed tracheal and 
esophageal anomalies to the failure of the 
tracheoesophageal groove to form a septum 
between the esophagus and trachea. Other 
theories have been advanced to explain these 
anomalies, but none is completely conclusive 
(2, 6; 11]. 

Tracheal agenesis was classified by Floyd and 
co-workers [10] in 1962 and by Kluth [22] 
in 1976 (Fig 4). The classification of Floyd and 
colleagues does not differentiate between bron- 
choesophageal and tracheoesophageal com- 
munications and Kluth's does not allow for di- 
rect tracheoesophageal communications. Payne 
[30] and Milles and Dorsey [27] reported var- 
iants without esophageal or bronchoesophageal 
communication. Morrison [28] and Devi and 
More [7] documented, in addition, cases of total 
tracheopulmonary agenesis. These very rare 
forms of tracheal agenesis do not have a place in 
the previous classification systems. After re- 
viewing all of the cases previously reported, we 
devised a comprehensive classification of this 
rare anomaly (see Fig 4). The most common 
type of tracheal agenesis is Type C in which 
both normal bronchi form a bifurcation com- 
municating with the esophagus through a fis- 
tula. 

Radiographic evaluation has been performed 
in a limited number of patients with tracheal 
agenesis [1, 8, 10, 12]. Absence of the trachea 
can be deduced by using contrast medium to 
demonstrate that the esophagus serves as the 
central airway and communicates with the 
lungs by a bronchoesophageal-tracheoesoph- 
ageal (distal) communication. Patient 1 is a 
good example of this situation. 

Associated congenital anomalies were re- 


ported in many patients. Pulmonary abnor- 
malities ranging from hypoplastic lungs to ac- 
cessory lobes were common. Ventricular septal 
defect was the single most common associated 
cardiac defect. Hypoplastic gastrointestinal and 
genitourinary organs were found in increased 
numbers [7], while skeletal and neurological 
defects were found less frequently. 

Attempts at operative repair have been un- 
successful because of the impossibility of con- 
structing a rigid tube capable of clearing itself 
of mucus. Floyd and associates [10] tried, as did 
others [1, 12, 17], and all achieved only tran- 
sient or temporary survival. Definitive repair of 
this congenital anomaly requires prosthetic re- 
placement of the trachea. This has been at- 
tempted using a variety of materials [2, 14], but 
without success. A satisfactory tracheal pros- 
thesis has not yet been developed. 
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. My First Pulmonary Resection for Bronchogenic Carcinoma 


Alton Ochsner, M.D., New Orleans, LA 


. Histopathology of Bronchogenic Carcinoma 


Jacqueline Colson, Ph.D., San Antonio, TX 


. Technique and Results of Various Diagnostic Tests and Needle Biopsy 


Jan Smith, M.D., San Antonio, TX 


. CAT Scan 


Marvin Chasen, M.D., San Antonio, TX 


. Panel Discussion 


Break 


. Preoperative Evaluation for Pulmonary Resection 


Robert G. Ellison, M.D., Augusta, GA 


. Interstitial Radiation: Unused Modality in the Combined Management of 


Patients with Lung Cancer 
Vincent P. Collins, M.D., Houston, TX 


. Immunotherapy and Chemotherapy 


Robert Livingston, M.D., San Antonio, TX 


Panel Discussion 


November 1, 1979 (Thursday) 
Afternoon Scientific Session 


. Esophageal Atresia and Tracheoesophageal Fistula 


James V. Richardson, M.D., Nicholas P. Rossi, M.D., Creighton B. Wright, M.D., Donald B. Doty, 
M.D., and J. L. Ehrenhaft, M.D., Iowa City, IO 


. Ancillary Support for Late Esophageal Perforations 


L. F. Brichta, M.D., D. E. Smith, M.D., and J. F. Neal, M.D., Albuquerque, NM 


. Colon Bypass of the Esophagus: The Superiority of the Isoperistaltic Left Colon 


Transplant 


John R. Hankins, M.D., Safuh Attar, M.D., John R. Satterfield, Jr., M.D., and Joseph S. 
McLaughlin, M.D., Baltimore, MD 


. Palliation for Esophageal Carcinoma 


Steve G. Hubbard, M.D., E. P. Todd, M.D., Ph.D., and Marcus Dillon, M.D., Lexington, KY 


. Physiological Principles as a Guide to Correct Esophageal Surgery 


David B. Skinner, M.D., Honored Guest Speaker, Chicago, IL 
Break 
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. Repair of Ventricular 5eptal Defect in Infancy 


James M. Ciaravella, Jr., M D., and Frank M. Midgley, M.D., Washington, DC 


. Systemic-Pulmonary Shunts in Neonates and Infants Using Microporous 


Expanded Polytetrafluoroethylene (PTFE): Immediate and Late Results 


James S. Donahoo, M.D., Timothy J. Gardner, M.D., Kenneth Zahka, M.D., and B. S. Langford 
Kidd, M.D., Baltimore, MD 


. Repair of Congenital Heart Disease in the First Three Months of Life 


William E. Walker, M.D., Tromas P. Graham, M.D., and Harvey W. Bender, Jr., M.D., 
Nashville, TN 


. Aortic Valve Replacement in Pre-teenage Children 


J. Marvin Smith, III, M.D., Denton Cooley, M.D., David A. Ott, M.D., Wagner Ferreira, M.D., and 
George J. Reul, Jr., M.D., Heuston, TX 


A Prospective Random ized Study of Membrane versus Bubble Oxygenators in 
Children 


Robert M. Sade, M.D., David M. Bartles, M.S., James P. Dearing, B.S., and Linda J. Campbell, 
R.N., Charleston, SC 


November 2, 1979 (Friday) 

Morning Scientific Session 

Is Reperfusion Injury after Multiple Aortic Cross-Clamping a Current Myth 
of Cardiac Surgery? 

David M. Lolley, M.D., William O. Myers, M.D., Jefferson F. Ray, III, M.D., and Richard D. Sautter, 
M.D., Marshfield, WI (Harold C. Urschel, Jr., M.D., Sponsor) 


Myocardial Protection through Cold Cardioplegia Using a Calcium Antagonist 
(Diltiazem) 


Pascal R. Vouhé, M.D., Jacques Helias, M.D., and Claude M. Grondin, M.D., Montreal, Que, 
Canada (Richard Clark, M.D., Sponsor) 


Does Cardioplegic Arrest Compromise Long-Term Left Ventricular Function? 
Kit V. Arom, M.D., Frederick L. Grover, M.D., and J. Kent Trinkle, M.D., San Antonio, TX 


Nuclear Cardiology for tae Cardiac Surgeon 

Charles H. Moore, M.D., Thomas A. Lombardo, M.D., James D. King, M.D., and J. Gardiner 
Bourque, M.D., Beaumont, TX 

Cardiac Myxoma 

Safuh Attar, M.D., Baltimore, MD 


Accidents Using Pump Cxygenators 


William S. Stoney, M.D., William C. Alford, Jr., M.D., George R. Burrus, M.D., David M. 
Glassford, Jr., M.D., and Claremce S. Thomas, Jr., M.D., Nashville, TN 


Operative Results of Myccardial Revascularization when Combined with 
Carotid Endarterectomy or Cardiac Valve Surgery 


O. B. Harrington, M.D., V. G. Crosby, M.D., R. Y. Wolf, M.D., M. W. Painter, M.D., T. S. Shelton, 
B.A., Von B. Reichart, M.D., B. M. Kemkes, M.D., W. Klinner, M.D., E. Kreuzer, M.D., and H. M. 
Becker, M.D., Memphis, TN 


Repair of Mycotic Aneurysms of the Aorta Involving the Aortic Valve 
E. P. Todd, M.D., Ph.D., Steve G. Hubbard, M.D., and John V. Zeok, M.D., Lexington, KY 
Break 


Presidential Address: The China Syndrome 
Harold C. Urschel, Jr., M.D., Dalas, TX 
Business Meeting (members only) 
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November 3, 1979 (Saturday) 
Morning Scientific Session 

8:15 19. Pulmonary Venous Admixture during Thoracotomy and Ventilation of One 
Lung 
H. N. Konchigeri, M.D., K. P. Patel, M.D., S. Akkineni, M.D., and P. A. Thomas, M.D., 
Chicago, IL 


20. Surgical and Pathological Aspects of Asbestosis 
William F. Sasser, M.D., and W. A. Bari, M.D., Ph.D., St. Louis, MO 


21. The Effects of Hydrothorax under Pressure in the Monkey 


Joseph C. Stothert, Jr., M.D., Lawrence McBride, M.D., Roy Abernathy, R.L.A.T., Raymond M. 
Keltner, Jr., M.D., and Hendrick B. Barner, M.D., St. Louis, MO 


22. The Fiberoptic Bronchoscope: Diagnostic Tool or Medical Toy? 
Frederick H. Taylor, M.D., Felix A. Evangelist, M.D., and Frank Barham, M.D., Charlotte, NC 


23. Evaluation of Bupivacaine (Marcaine) Nerve Blocks in the Modification of 
Postthoracotomy Pain and Pulmonary Function Changes 


Eugene A. Woltering, M.D., M. Wayne Flye, M.D., Susan Huntley, B.S., C.R.T., Phillip 
Kapp, M.D., Andrew Dwyer, M.D., and Byron McLees, M.D., Ph.D., Bethesda, MD 


24. Clinical Spectrum of Pulmonary Hamartomas 
Tommy L. Fudge, M.D., John L. Ochsner, M.D., and Noel L. Mills, M.D., New Orleans, LA 


Break 


10:15 25. Pulmonary, Mediastinal, and Cardiac Presentations of Histoplasmosis 
Richard L. Prager, M.D., D. Patrick Burney, M.D., George Waterhouse, M.D., and Harvey W. 
Bender, Jr., M.D., Nashville, TN 


26. Carcinoma of the Lung: A Clinical Review 


R. Samuel Cromartie, III, M.D., Edward F. Parker, M.D., James E. May, M.D., John S. Metcalf, 
M.D., and David M. Bartles, M.S., Charleston, 5C 


27. Current Survival in Superior Sulcus (Pancoast) Tumors of the Lung 
William Stanford, Col, Robert P. Barnes, Lt Col, and A. Robert Tucker, III, Maj, all USAF, MC, 
Lackland AFB, TX 


28. Pulmonary Metastases in Childhood Sarcoma 
Bradley M. Rodgers, M.D., James L. Talbert, M.D., and James A. Alexander, M.D., Gainesville, FL 


29. Cefamandole for Prophylaxis against Infection in Closed Tube Thoracostomy 


S. E. Vlasis, B.A., B.S., A. Hooper, B.A., B.S., H. H. Stone, M.D., and P. N. Symbas, M.D., 
Atlanta, GA 


Richard B. McElvein, M.D. 
Secretary-Treasurer 


Timeless classic 
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 . Cephalothin sodium 
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See reverse side for brief summary of prescribing information v 





es. 8 
Keflin 
cephalothin sodium 
Neutral 


Brief Summary. 
Consult the package literature for prescribing information. 


Indications: Keflin, Neutral, for Injection, is indicated for the treatment 
of serious infections caused by susceptible strains of the designated 
microorganisms in the diseases listed below. 


Respiratory tract infections caused by Streptococcus pneumoniae, 
staphylococci (penicillinase and non-penicillinase-producing), 
group A beta-hemolytic streptococci, Klebsiella, and Haemophilus 
influenzae 

Skin and soft-tissue infections, including peritonitis, caused by staphy- 
lococci (penicillinase and non-penicillinase-producing), group A 
beta-hemolytic streptococci, Escherichia coli, Proteus mirabilis, 
and Klebsiella 


Genitourinary tract infections caused by EF. coli, P. mirabilis, and 
Klebsiella 


Septicemia, including endocarditis, caused by S. pneumoniae, staphy- 
lococci (penicillinase and non-penicillinase-producing), group A 
beta-hemolytic streptococci, S. viridans, E. coli, P. mirabilis, and 
Klebsiella 


Gastrointestinal infections caused by Salmonella and Shigella species 


Meningitis caused by S. pneumoniae, group A beta-hemolytic strep- 

tococci, and staphylococci (penicillinase and non-penicillinase- 
producing) 
NOTE: Inasmuch as only low levels of Keflin are found in the cere- 
brospinal fluid, the drug is not reliable in the treatment of meningitis 
and cannot be recommended for that purpose. Keflin has, however, 
proved to be effective in a number of cases of meningitis and may be 
considered for unusual circumstances in which other, more reliably 
effective antibiotics cannot be used. 


Bone and joint infections caused by staphylococci (penicillinase and 

non-penicillinase-producing ) 

NOTE: If the susceptibility tests show that the causative organism is 
resistant to Keflin, other appropriate antibiotic therapy should be 
instituted. 

Contraindication: Previous hypersensitivity to cephalosporins. 
Warnings: BEFORE CEPHALOTHIN THERAPY IS INSTITUTED, CAREFUL 
INQUIRY SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY 
REACTIONS TO CEPHALOSPORINS AND PENICILLIN. CEPHALOSPORIN C 
DERIVATIVES SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-S ENSITIVE 
PATIENTS. 


SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE 
EPINEPHRINE AND OTHER EMERGENCY MEASURES. 


There is some evidence of partial cross-allergenicity of the penicillins 
and the cephalosporins. Severe anaphylactoid reactions have been 
reported with both drugs. 


Patients with allergy and hypersensitivity should receive antibiotics 
cautiously and only when necessary. 


Usage in Pregnancy —Safety for use during pregnancy has not been 
established. 


Precautions: Patients should be followed carefully to detect any side 
effects or drug idiosyncrasy. If an allergic reaction occurs, discontinue 
the drug and treat the patient with usual agents. 


Although alteration in kidney function is rare, evaluation of renal 
status is recommended. Patients with impaired renal function should be 
placed on a reduced dosage schedule to prevent excessive serum con- 
centrations. Consult prescribing information. 


If thrombophlebitis or superinfection occurs, take appropriate mea- 
sures. A false-positive reaction for glucose in the urine has been observed 
with some tests but not with Tes-Tape* (Glucose Enzymatic Test Strip, 
USP, Lilly). 


Adverse Reactions: Maculopapular rash, urticaria, pain, induration, 
tenderness, elevation of temperature, reactions resembling serum sick- 
ness, anaphylaxis, eosinophilia, drug fever, neutropenia, thrombocyto- 
penia, hemolytic anemia, thrombophlebitis, transient rise in SGOT and 
alkaline phosphatase, rise in BUN, decreased creatinine clearance, and 
a positive direct Coombs test have been reported. [100678] 


Additional information available 


Lilly to the profession on request. 
Eli Lilly and Company 
Indianapolis, Indiana 46206 
801025 


CHARLES C THOMAS « PUBLISHER 


THE X-RAY DIAGNOSIS OF CONGENITAL HEART 
DISEASE IN INFANTS, CHILDREN, AND ADULTS: 
Pathologic, Hemodynamic, and Clinical Correlations as 
Related to the Chest Film (2nd Ed.) by Larry P. Elliott, 
Univ. af Alabama School of Medicine, Birmingham, and 
Gerold L. Schiebler, Univ. of Florida College of Medicine, 
Gainesville. The authors have added, for this Second Edi- 
tion, new concepts and approaches and they have deleted 
outdated data. There are new chapters on complex con- 
genital heart disease and an analysis of cyanotic heart 
disease chest films. Also discussed are systemic venous 
hypertension, left ventricular stress, the congenital bi- 
cuspid aortic valve, and pulmonary stenosis. Reviews are 
included on complete transposition of the great arteries 
and the tetralogy of Fallot. '79, 448 pp. (6 3/4 x 9 3/4), 405 
il., 13 tables, $36.50 


HEMODYNAMICS AND THE BLOOD VESSEL WALL 
edited by William E. Stehbens, Wellington Clinical 
School of Medicine, Wellington, New Zealand. (7 Contrib- 
utors) The text, employing a medical rather than a math- 
ematical perspective, applies knowledge of hydraulics and 
fluidics to blood flow and relates hemodynamic stresses to 
vascular changes. Early chapters describe vascular struc- 
ture, ultrastructure, histologv and chemistry. Discussions 
of blood flow hemodynamics in large and small vessels, 
the function of and stresses on the vessel wall, and the 
adaptability of the vascular tree follow. Stenoses and arte- 
riovenous aneurysms are also examined. 79, 664 pp. (6 3/4 
x 9 3/4), 202 il., 26 tables, $68.50 


CARDIOVASCULAR PHYSIOLOGY FOR ANESTHE- 
SIOLOGISTS by Ronald Gordon, Univ. of Florida, 
Gainesville; Mark B. Ravin, Univ. of Kentucky, Lexing- 
ton; and George Daicoff, Univ. of Florida, Gainesville. 
Information is presented on cardiac output and regional 
blood flow distribution, the fundamentals and clinical 
aspects of blood rheology, venous return, and cardiac 
function curves. Also examined are general considerations 
in coronary circulation and anesthesia for surgical correc- 
tion of congenital heart disease. 79, 224 pp., 63 il., 30 
tables. $19.75 


A MANUAL OF THORACIC SURGERY by Arndt von 
Hippel, Private Practice, Anchorage, Alaska. Foreword by 
Alfred Tector. This practical, up-to-date manual of tho- 
racic surgery uses, as a focus, the manner in which physi- 
ology and surgery relate to closed chest drainage. The 
author presents useful new and old approaches, expands 
upon simple and clinically proven practices, and identifies 
hazards inherent in many chest drainage devices. Cardio- 
vascular Radiology summarized its appraisal of this book 
thusly: “For all those interested in thoracic surgical prob- 
lems, this book provides a refreshing iteration of prob- 
lems, sometimes mundane, but always important in 
general thoracic surgical management." '78, 264 pp., 9 il., 
cloth-$16.00, paper-$9.75 





























































DIABETES AND THE HEART edited by Samuel Zone- 
raich, State Univ. of New York, Stony Brook. (27 Contrib- 
utors) Renowned authorities from a number of disciplines 
explore a variety of topics related to diabetes and the heart. 
Coronary artery disease, the cardiomyopathies, non- 
invasive diagnostic tests, the concomitant use of alcohol 
and insulin, and systemic metabolic responses during 
acute myocardial infarction are among the subjects re- 
viewed. '78, 320 pp. (6 3/4 x 9 3/4), 60 il., 37 tables, $31.75 


Orders with remittance sent, on approval, postpaid 


301-327 EAST LAWRENCE 


SPRINGFIELD: ILLINOIS: 62717 


Just published 


the 8th edition of a cardiac classic 


Nomenclature and Criteria for 
Diagnosis of Diseases of the 
Heart and Great Vessels 


the tradition of excellence 
lives on... 


"NOMENCLATURE AND CRITERIA FOR DIAG- 
NOSIS OF DISEASES OF THE HEART AND GREAT 
VESSELS has been one of the most useful pud- 


lications in cardiology for many years. Its 
greatest virtue has been the practical bed- 
side clinical orientation of the presentations It 
has emphasized clinical logic. Undergradu- 
ate medical students, interns, residents, fel- 
lows, and all doctors have learned a great 
deal of cardiology from previous editions of 
this publication: 






from a review of the 
7th edition in the 
American Heart Journal 


by The Criteria Committee of 
the New York Heart Association 


M. Irené Ferrer, M.D, Chairman 
stanley E. Bradley, M.D. 
Marcia B. Bull, M.D. 

Martin Dolgin, M.D. 

Kent Ellis, M.D. 

Yale Enson, M.D. 

Doris J.W., Escher, M.D. 
Edward E. Fischel, M.D. 
Arthur C. Fox, M.D. 

Edward C. Franklin, M.D. 
Sylvia P Griffiths, M.D. 
Réjane M. Harvey, M.D. 
Arnold M. Katz, M.D. 
Margaret M. Kilcoyne, M.D. 
Marianne J. Legato, M.D. 
James R. Malm, M.D. 
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in this totally current edition... 


Revised in light of the newest knowledge on cardiol- 
ogy for its eighth edition, this definitive reference 
contains information of inestimable value in under- 
standing heart disease. The patient's overall cardiac 
status and prognosis is described in terms of the 
most current diagnostic techniques. NOMENCLA- 
TURE AND CRITERIA helps you to assess accurately 
each individual patient based on etiologic, ana- 
tomic, and physiologic diagnosis. A comprehensive 
appendix includes an analysis of plain chest roent- 
genograms as used in heart disease diagnosis and 
extensive electrocardiographic tables. Well illus- 
trated with excellent electrocardiographs and fully 
indexed, this eighth edition maintains the high stan- 
dards of quality set by its predecessors. 


349 pages, illustrated. 
Cloth, #605360, $13.95 
Paper, #605379, $9.95 


order today from 


Little, Brown and Company 
Medical Division 
34 Beacon St., Boston, MA 02106 





Little, Brown and Company 
Medical Division 
200 West St. 
Waltham, MA 02154 
Please send me the book(s) indicated below, 
on 30-day approval. 
NOMENCLATURE AND CRITERIA FOR DIAGNOSIS OF 
DISEASES OF THE HEART AND GREAT VESSELS, 8th Ed., by the 
Criteria Committee of the New York Heart Association 
Paper, #605379, @ $9.95 
Cloth, #605360, @ $13.95 
[ ]Please bill me. 
[]Mycheckfor$. | | |  isenclosed with 
the understanding that, if | am not entirely satisfied, 
| may return the book(s) within 30 days of receipt for 
a full refund. 
Publisher pays postage and handling if payment 
accompanies order. Please add sales tax if applicable. 








Name 





Address __ 





City State —— Zip : 
(In Canada, order directly from J.B. Lippincott of Canada, 
Ltd., 75 Horner Avenue, Toronto, Ontario M8Z 4X7, Canada) 











>ACING SIMPLICITY, 
EAD SUPERIORITY 


A SIGNIFICANT 
ADVANCEMENT IN 
PACING SYSTEM 
TECHNOLOGY 


PI; s new Porous Tip Lead 
əncourages living tissue to 
yrow within the electrode, 

reating a bond between the 

eart and the MICROLITH,-P 
programmable pacing system. 
he remarkable characteristics 
Df this bond allow you to 
ake full advantage of the 

ICROLITH-P’s programmable 

eatures. 


MPROVED ELECTRODE 


STABILITY 


he Porous Tip Lead’s direct 
vond with heart tissue resists 
dislodgement significantly 
vetter than conventional leads. 


IMPROVED SENSING 
CAPABILITY 


With greatly reduced fibrotic 
build-up at the electrode site, 
the new Porous Tip Lead 
improves sensing capabilities. 


IMPROVED ECONOMY 
OF CURRENT DRAIN 


Optimize longevity of the 
MICROLITH-P through the 
reduced current drain of the 
Porous Tip Lead. The small 
7.5mm? tip utilizes available 
energy efficiently without 
compromising sensing 
capabilities or patient safety. 


Cardiac Pacemakers, Inc. 


MICROLITH-P 


COMPATIBLE DESIGN 
FOR CONSISTENT 
PERFORMANCE 


Never before has a pacing 
system achieved this high 
degree of integration with the 
requirements of the human 
body. 


For more information on how 
MICROLITH-P and the Porous 
Tip Lead work together to 
improve pacing reliability and 
patient care, contact your CPI 
representative or call Toll-Free 
(800) 328-9588. 


Cardiac Pacemakers. Inc 

4100 North Hamlıne Avenue 

P.O. Box 43079 

St. Paul. Minnesota 55164. USA 


INVOLVED IN MANKIND 





© 1979 Cardiac Pacemakers. Inc 


The 90% porous electrode 
encourages a synergistic bond with 
cardiac muscle through ingrowth of 
tissue. The 254m diameter of the 
electrode’s interior mesh fibers is 
comparable to that of an individual 
heart cell. This diminishes foreign 
body reaction resulting in a smaller 
fibrotic capsule for increased 
sensing capabilities. 


The porous configuration of the 
electrode tip and flexible lead body are 
more compatible with heart movement 
than standard leads. Placement is 
easier with less trauma at the electrode 
site. 





The porous electrode tip combines th 
advantages of a small pacing area 
(7.5mm?) for lower current drain, and 4 
large area (50mm?) for improved 
sensing. 


The lower pacing current drain 
achievable with the Porous Tip Lead 


CLASSIFIED ADS 


Classified ads for meeting announcements, postgraduate 
courses, and positions wanted or available must relate only 
to the thoracic and cardiovascular surgical specialities. All 
ads are subject to the approval of the Editor, and material 
deemed inappropriate for publication in The Annals will be 
rejected. The charge for all classified advertising is $25.00 
per 50 words per issue. Prepayment is required. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired when advertising a position wanted 
or available, please indicate this at the time of submission 
and a code number will be assigned. All responses received 
will remain confidential in The Annals Editorial Office and 
will be conveyed to the advertiser shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the desired issue. Send ad and 
nonrefundable check (in the amount of $25 for every 50 
words times number of issues the ad is to run), payable to 
The Annals of Thoracic Surgery, to: Herbert Sloan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7079 University 
Hospital, Ann Arbor, MI 48109. 


SITUATIONS WANTED 





Cardiovascular and thoracic surgeon, 36, seeking to relo- 
cate. University trained, ABS, ABTS certified, two years' 
experience in active private cardiac practice. Prefers West 
Coast, but will consider other areas. Available immediately. 


Please respond to W-181, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Physician's assistant, trained in cardiothoracic surgical 
techniques and patient care, seeks position in South or 
West. Prefers private group practice. NCCPA certified. 


Please respond to W-191, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, 37, ABS, ABTS cer- 
tified, seeks opportunity to relocate his practice. Full-time 
professor at university. Available immediately. 


Please respond to W-192, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, FRCS (Canadian), 
would like to relocate. Geographic full-time at Canadian 
teaching hospital, US-trained in all aspects of adult and 
pediatric cardiovascular and thoracic surgerv. Interested in 
adult thoracic, cardiac, and vascular surgerv. 


Please respond to W-194, The Annals of Thoracic Surgerv, 
C-7079 Universitv Hospital, Ann Arbor, MI 48109. 





Cardiothoracic surgeon, 34, family, university trained, 
ABS, ABTS certified, wishes to relocate. One year of private 
practice experience in all phases of cardiac, thoracic, and 
peripheral vascular surgery. Prefers Midwest, but will con- 
sider all locations. 


Please respond to W-197, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Young, certified, cardiothoracic surgeon, presently in aca- 
demic practice, seeks association with group or partner- 
ship. Cardiac and thoracic practice preferred. Available 
immediately; no geographic preference. Curriculum vitae 
and bibliography upon request. 


Please respond to W-198, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


TN 


Surgeen’s assistant, trained ACS/AMA accredited program, 
NCCPA certified, seeking position in cardiac surgery. 
South or West preferred. Two years’ experience at large 
midwestern hospital/clinic. 


Please respond to W-199, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


SITUATIONS AVAILABLE 


Fellowship in pediatric cardiovascular and thoracic sur- 
gery. One-year program beginning July 1, 1979, includes 
emergency newborn surgery as well as elective closed and 
open cardiac surgical procedures. 


Please send curriculum vitae to A-119, The Annals of Thoracic 
Surgery, C-7079 University Hospital, Ann Arbor, MI 48109. 





Thoracic and general surgeon wanted to join two busy sur- 
geons in New Jersey, 35 miles from New York City. Must be 
certified in general surgery and Board eligible in thoracic 
surgery. Community hospital with medical school affilia- 
tion; no cardiac surgery. 


Please respond to A-120, The Annals of Thoracic Surgery, 
C-7C79 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, Board eligible or cer- 
tified, wanted to join an established thoracic and cardiovas- 
cular surgeon in Northeastern US. 


Please send curriculum vitae to A-121, The Annals of 
Thoracic Surgery, C-7079 University Hospital, Ann Arbor, 
MI 48109. 


Thoracic and vascular surgeon wanted as associate in East 
Coast practice limited to thoracic and vascular surgery. 
Must be ABTS eligible or certified. 


Please respond to A-127, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





General thoracic surgeon wanted for academic medical 
center. Must be experienced in adult pulmonary and 


esophageal surgery and endoscopy. Will supervise active 


Veterans Administration service and have excellent oppor- 
tunity for private practice within medical center. Must be 
interes-ed in resident training and clinical or laboratory re- 
search. Faculty rank negotiable. 


Please respond to Lawrence I. Bonchek, M.D., Chairman, 
Department of Cardiothoracic Surgery, Medical College of 
Wisconsin, 8700 W Wisconsin Ave, Milwaukee, WI 53226. 


Special fellowship in cardiac surgery available Jan 1, 1980. 


Please respond to Floyd D. Loop, M.D., Department of 
Thoracic and Cardiovascular Surgery, Cleveland Clinic 
Foundation, 9500 Euclid Ave, Cleveland, OH 44106. 





Thoracic and cardiovascular surgeon wanted to join busy 
Midwest practice. University affiliated, limited to thoracic, 
vascular, and cardiac surgery. Board eligibility or certifica- 
tion recuired. Unusual opportunity for young, aggressive 
surgeon. 


Please send curriculum vitae to A-133, The Annals of 
Thoracic Surgery, C-7079 University Hospital, Ann Arbor, 
MI 48109. 





Cardiovascular and thoracic surgical group in mid-Atlantic 
city seeks associate in growing practice. Board eligibility 
required. Main time devoted to adult and pediatric cardiac 
surgery. 

Please respond to A-134, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
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Dear Doctor: 


Perhaps you have already seen cur 
advertisement introducing the new Bentley 
opiraflo BOS-5 Disposable Blood Oxygenator 
for pediatric and infant heart surgery. The 
BOS-5 is a smaller version of the Bentley 
Spiraflo BOS-10 Oxygenator currently being 
used for adult cardiovascular surgery. 

While our new product has gained 

sv world-wide acceptance, the Lil’ BOS Bear 
shown with the oxygenator has also become a big hit with young 
patients who have received this very special operation. So mucn so, 
that we have decided to offer the little bear to our doctor friends to give 
in turn to each of their young patients who undergo cardiovascular 
surgery using a Bentley BOS-5 Oxygenator. We believe that this little 
bear will represent something very special in each child's life. 

f you would like to have Lil’ BOS Bears available to give to 
each of your BOS-5 patients (at no cost to you), please ask your Bentley 
Representative to enroll you in our Bentley "Lil' BOS Bear" program. 
Arrangements may also be made by contacting us at any of cur offices. 

We at Bentley have gained much satisfaction from the 
pleasure we have given youngsters with this delightful little bear; we 
think you will too. 





This offer expires on September 30, 1979 and is limitea to the 
United States, Canada and Europe. 





In U.S.A. contact: BENTLEY LABORATORIES, INC. : 17502 Armstrong Avenue: Irvine, CA 92714 
Phone (800) 854-0567 (In California call 800-432-7463) 

In Europe contact: BENTLEY LABORATORIES EUROPE : Postbus 169 Engergielaan 3 
Uden, Holland - Phone 04132-66995 

In Canada contact: BENTLEY LABORATORIES, CANADA - 306201 Consumer's Road 
Willowdale, Ontario + M2J 4G8 - (416) 497-8809 (416) 497-8815 
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Just c one pathogen species mised y 
antiseptic can cause serious problems. That 
why scrubbing and prepping leave no room for 
compromise with the quality of an antiseptic. 
A small difference in cost is not worth the risk. 


BETADINE Microbicides promptly kill 
des positive and gram-negative bacteria, Uncompr omising" 


ungi, viruses, protozoa and yeasts. antisepsis for scrubbing - 
BETADINE Microbicides have been and re in 

documented specifically by name—and in the B pp 9 

same formulations you employ in practice— 

in over 650 published reports encompassing 

thousands of clinical procedures. & 
BETADINE Microbicides were also chosen 

by NASA for disinfection procedures in Apollo 

splashdowns and in the Skylab mission. ® 


*In the rare instances of local irritation or sensitivity, 
_____ BETADINE Surgical Scrub*—for surgical ^ discontinue use by the individual. 


scrubbing and patient degerming. 
—— BETADINE Solution or BETADINE 


Aerosol Spray—for patient prepping and Purdue Frederick 
postoperative antisepsis on INCISIONS. ©Copyright 1979, The Purdue Frederick Company/Norwalk, CT 06856 
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After nine years and tho sands of procedures, 

PROLENE suture continues to prove its clinically important 
qualities and characteristics: Monofilament smoothness, 
strength, pliability, knot security and resistance to 
fatigue-induced fracture. Inert PROLENE suture induces 


t 


only a minimal tissue reaction and does not harbor bacteria. 
PROLENE suture retains in vivo tensile strength after 
prolonged implantation even in the presence of infection. 


ETHICON 


INDICATIONS — PROLENE oe Suture, U.S.P. may be used wherever Nonabsorbable Surgical Suture, U.S.P. is recommended. Due to its relative 
biological inertness, it is recommen ed for use where the least possible suture reaction is desired. As a true monofilament, PROLENE Polypropylene Suture, U.S.P. 
resists involvement in infection and has been successfull ee in contaminated and in?ected wounds to eliminate or minimize later sinus formation and suture 
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There are no known contraindications. WARNINGS — Unused PROLENE Polypro ylene Sutures which have been removed from their package maybe resterilized 
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additional throws if indicated by surgical circumstance and the experience of the operator. ADVERSE REACTIONS — Transitory local inflammatory reactions 
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Postoperative surgical 
infections. 


Valve replacements and prosthetic implants have a few 
‘portant things in common —the ability to vastly improve the 
quality of life...and the predisposition to infection. In many 
cases, the infecting organism is also the same — penicillinase- 
producing staph. Progression can be swift and devastating. 


Initial antistaph therapy: 
Injection. 


lfs vitally important that effective treatment of bacterial 
invasion begin as soon as possible. If you suspect the 
presence of staph and must begin therapy before definitive 
Culture results are known, Injection Unipen® (nafcillin 
sodium)t is a particularly suitable agent. 


Aopropriate specimens for bacteriologic studies to determine 
the causative organisms and their susceptibility to nafcillin 
should be taken prior to the first dose of antibiotic t And, if 
those studies subsequently implicate organisms other than 
penicillinase-producing staphylococci sensitive to nafcillin, 
discontinue nafcillin and administer the appropriate antibiotic. 


Rapid penetration. 


Unipen appears rapidly in plasma following intramuscular 
administration. Penetrates body tissues in high concentration 
and diffuses well into pleural, pericardial and synovial fluids. 


“On call" capability. 


Reconstitutes in less than 60 seconds. Remains stable in I. V 
Solution 24 hours at room temperature or 96 hours under 
refrigeration 1 


Follow-up therapy: Oral. 


Uniden is available in tablets, capsules and oral solution as 
well as parenteral forms. The injectable form should be used 
initially in severe infections. And as soon as the clinical condi- 
tion warrants, Oral Unipen allows you to continue antistaph 
therapy with the same antibiotic in a form more agreeable to 
most patients. 


TSee Important Note on next page. 
See important information under Parenteral Administration on next page. 


INJECTION AND ORAL 


UNIPEN 


(nafcillin sodium) 


as the monohydrate, buffered. 
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Unipen 
(nafcillin sodium) 


AS THE MONOHYDRATE BUFFERED,WYETH 





Disc Susceptibility Tests: Quantitative methods that require mea- 
surement of zone diameters give the most precise estimates of anti- 
biotic susceptibility. One such procedure* has been recommended 
for use with discs for testing susceptibility to penicillinase-resistant 
penicillin-class antibiotics. Interpretations correlate diameters on the 
disc test with MIC values for penicillinase-resistant penicillins. With 
this procedure, a report from the laboratory of “susceptible” indi- 
cates that the infecting organism is likely to respond to therapy. A 
report of “resistant” indicates that the infecting organism is not 
likely to respond to therapy. A report of “intermediate susceptibil- 
ity" suggests that the organism would be susceptible if high dosage 
is used, or if the infection is confined to tissues and fluids (e.g., 
urine) in which high antibiotic levels are attained. 

“Bauer, A.W., Kirby, W.M.M., Sherris, J.C., and Turck, M.: Antibiotic Testing by 
a Standardized Single-Discs Method, Am. J. Clin. Pathol., 45:493, 1966; Stan- 
dardized Disc Susceptibility Test, FEDERAL REGISTER 37:20527-29, 1972. 


Indications: Although the principal indication for Unipen is in the 
treatment of infections due to penicillinase-producing staphylococci, 
it may be used to initiate therapy in such patients in whom a staphy- 
lococcal infection is suspected. (See Important Note below.) 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to Unipen should be performed. 

In serious, life-threatening infections, oral preparations of the peni- 
cillinase-resistant penicillins should not be relied on for initial therapy. 


Important Note: When it is judged necessary that treatment be ini- 
tiated before definitive culture and sensitivity results are known, the 
choice of Unipen should take into consideration the fact that it has 
been shown to be effective only in the treatment of infections caused 
by pneumococci, Group A beta-hemolytic streptococci and penicillin 
G-resistant and penicillin G-sensitive staphylococci. If the bacteriology 
report later indicates the infection is due to an organism other than a 
penicillin G-resistant staphylococcus sensitive to Unipen, the physi- 
cian is advised to continue therapy with a drug other than Unipen or 
any other penicillinase-resistant semisynthetic penicillin. 

Recent studies have reported that the percentage of staphylococ- 
cal isolates resistant to penicillin G outside the hospital is increas- 
ing, approximating the high percentage of resistant staphylococcal 
isolates found in the hospital. For this reason, it is recommended 
that a penicillinase-resistant penicillin be used as initial therapy for 
any suspected staphylococcal infection until culture and sensitivity 
results are known. 

Methicillin is a compound that acts through a mechanism similar to 
that of Unipen against penicillin G-resistant staphylococci. Strains of 
staphylococci resistant to methicillin have existed in nature and it is 
known that the number of these strains reported has been increasing. 
Such strains of staphylococci have been capable of producing serious 
disease. in some instances resulting in fatality. Because of this there is 
concern that widespread use of the penicillinase-resistant penicillins 
may result in the appearance of an increasing number of staphylococ- 
cal strains which are resistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all other 
penicillinase-resistant penicillins (cross-resistance with cephalosporin 
derivatives also occurs frequently). Resistance to any penicillinase- 
resistant penicillin should be interpreted as evidence of clinical resist- 
ance to all, in spite of the fact that minor variations in in vitro 
sensitivity may be encountered when more than one penicillinase- 
resistant penicillin is tested against the same strain of staphylococcus. 


Contraindications: A history of allergic reaction to any of the penicil- 
lins is a contraindication. 


Warnings: Serious and occasionally fatal hypersensitivity (anaphylac- 
toid) reactions have been reported in patients on penicillin therapy. 
Although anaphylaxis is more frequent following parenteral therapy 
it has occurred in patients on oral penicillins. These reactions are 
more apt to occur in individuals with a history of sensitivity to mul- 
tiple allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hypersensi- 
tivity reactions when treated with a cephalosporin. Before therapy 
with a penicillin, careful inquiry should be made concerning previous 
hypersensitivity reactions to penicillins, cephalosporins, and other 
allergens. If an allergic reaction occurs, appropriate therapy should 
be instituted, and discontinuation of Unipen (nafcillin sodium) ther- 
apy considered. The usual agents (antihistamines, pressor amines, 
corticosteroids) should be readily available. 

Precautions: As with any potent drug, periodic assessment of organ- 
system function, including renal, hepatic and hematopoietic, should 
be made during prolonged therapy. 


The possibi ity of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant orga- 
nisms occurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasmor intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 
because of the possibility of thrombophlebitis. 


Adverse Reactions: Reactions to Unipen have been infrequent and 
mild in nature. As with other penicillins, the possibility of an 
anaphylactic reaction or serum-sicknesslike reactions should be con- 
sidered. A careful history should be taken. Patients with histories of 
hay fever, astma, urticaria, or previous sensitivity to penicillin are 
more likely to react adversely. 

Transient leukopenia, neutropenia with evidence of gran- 
ulocytopenie 2r thrombocytopenia are infrequent and usually associ- 
ated with prolonged therapy with high doses of penicillin. These 
alterations have been noted to return to normal after cessation of 
therapy. 

The few reactions associated with the intramuscular use of Unipen 
have beea skin rash, pruritus, and possible drug fever. As with other 
penicillins, reactions from oral use of the drug have included nau- 
sea, vom ting, diarrhea, urticaria, and pruritus. 


Parenteral Administration: It is recommended that parenteral ther- 
apy be used initially in severe infections. The patient should be 
placed on oral therapy with this product as soon as the clinical con- 
dition warrants. Very severe infections may require very high doses. 


Intravenous Route: The required amount of drug should be di- 
luted in 15 to 30 ml of Sterile Water for Injection, U.S.P., or Sodium 
Chloride Injection, U.S.P., and injected over a 5- to 10-minute pe- 
riod. This may be accomplished through the tubing of an intra- 
venous nfasion if desirable. 

Stability studies on Unipen at concentrations of 2 mg/ml to 40 
mg/ml in the following intravenous solutions indicate the drug will 
lose less than 10% activity at room temperature (70°F.) or, if kept 
under refrigeration, during the time period stipulated: 


Stability at Room 
Temperature Refrigerated 

Sterile Water for Injection 24 hours 96 hours 
Isotoniz scdium chloride 24 hours 96 hours 
5% dextrose in water 24 hours 96 hours 
5% dextrose in 0.4% sodium 

chloride solution 24 hours 96 hours 
Ringer s seiution 24 hours 96 hours 
M/6 sodium lactate solution 24 hours 96 hours 


Discaré any unused portions of intravenous solutions after 24 
hours if kept at room temperature or after 96 hours if kept under 
refrigera-ion. 

On y tnose solutions listed above should be used for the intra- 
venous iafusion of Unipen. The concentration of the antibiotic 
should fall within the range of 2 to 40 mg/ml. The drug concentrate 
and tne sate and volume of the infusion should be adjusted so that 
the total dose of Unipen (nafcillin sodium) is administered before 
the drug loses its stability in the solution in use. 

There is no clinical experience available on the use of this agent 
in neonates or infants for this route of administration. 

This route of administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombaahlebitis, particularly in elderly patients. 


intramuscular Route: The clear solution should be administered 
by deeo intragluteal injection immediately after reconstitution. After 
reconstitution, keep refrigerated (2°-8° C.) and use within 7 days 
or keep at room temperature (25° C.) and use within 3 days. 


Oral Administration: Beta-hemolytic streptococcal infections should 
be treated for at least 10 days to prevent development of acute 
rheumatic fever or glomerulonephritis. 

|; oral therapy is inadequate, resort to parenteral Unipen. 

After mixing, the oral solution must be stored in a refrigerator. 
Discarc any unused portion after one week. 


Supplied: INJECTION (VIALS)—Supplied in vial sizes of 500 mg, 
1 gram, and 2 gram nafcillin sodium as the monohydrate, buffered. 
When seconstituted as recommended, the contents of each vial pro- 
vide, spectively 2, 4 or 8 ml of nafcillin sodium solution equivalent 
per m! to 250 mg nafcillin buffered with 10 mg sodium citrate. Film- 
coated TABLETS—containing nafcillin sodium as the monohydrate, 
equivalent to 500 mg nafcillin buffered with calcium carbonate. 
CAPSULES—containing nafcillin sodium, as the monohydrate, 
equivelent to 250 mg nafcillin buffered with calcium carbonate. FOR 
ORAL SOLUTION—Bottle of dry nafcillin sodium as monohydrate— 
powcer for reconstitution to provide 100 ml of solution containing 
nzfcilin sodium equivalent to 250 mg nafcillin per 5 ml. 

WYETH LABORATORIES, PHILADELPHIA, PA. 
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Fora suture line that’s really secure... 
















SURGILENE 
P polypropylene monofilament suture. 






SURGILENE suture is smooth, strong, inert...and unlike other polypropylene 
sutures, it does not stretch excessively. So sutures stay where you place them, assuring 
you of a secure suture line. This pliable suture handles well and ties easily...and it's so 
smooth, it actually glides through -issue. 

Because SURGILENE is inert, scarring is minimal and complications few. And it 
has a flex life unexcelled by any otaer synthetic monofilament. 


For your convenience, SURGILENE is available in our unique, time-saving 
DIRECT DISPENSING packages. 
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New SURGILENE 


polypropylene monofilament suture 
comes in unique, time-saving 


DIRECT DISPENSING 


Tear inner pack 


packages. 


diagonally to expose suture. 


SURGILENE® polypropylene monofilament suture 


Complete Product Information 


DESCRIPTION 

SURGILENE polypropylene Suture, (clear or pigment- 
ed) is a sterile, isotactic crystalline stereoisomer of a 
linear hydrocarbon polymer having essentially no un- 
saturation. The pigmented suture contains Copper 
Phthalocyanine Blue. 


ACTIONS 

SURGILENE causes a minimal, transient, acute in- 
flammatory reaction. This is followed by the formation 
of a microscopic layer of fibrous tissue around the 
suture. The suture is not absorbed nor is it subject to 
degradation or weakening by the action of tissue en- 
zymes. 


INDICATIONS 
SURGILENE may be used wherever Nonabsorbable 


Surgical Suture, USP is recommended. 


Because of its lack of adherence to tissue, 
SURGILENE is efficacious as a pull-out suture. 


CONTRAINDICATIONS 
There are no known contraindications. 


WARNINGS 

Studies to determine the safe and effective use of 
SURGILENE Suture in eye surgery have not been per- 
formed. 


PRECAUTIONS 

As with other synthetic sutures, knot security requires 
the standard surgical technic of flat and square ties, 
with additional throws if indicated by surgical cir- 
cumstance and the experience of the operator. 
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Then, pull suture out. 





There is an ongoing carcinogenicity study in rats, the 
results of which are not yet available. 


ADVERSE REACTIONS 

The most common adverse reaction noted during the 
clinical investigations with SURGILENE Suture was 
redness at the suture site, reported in up to 15% in 
some study populations. Edema and/or infection at 
the suture site has been noted in up to 8% in some 
study groups. Infrequent adverse reactions reported 
include suture extrusion and dehiscence (2 cases 
reported). 


HOW SUPPLIED 
Available in USP sizes, non-needled or affixed to the 
various DAVIS + GECK ATRAGMATIC" needles 10/0 
thru 2 for pigmented sutures; 7/O thru 2 for clear, 
in one dozen and three dozen packages. 
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for aortic valve replacement, the lonescu-Shiley Pericardial Xenograft has shown outstanding perform- 
ance characteristics in the mitral position as well. 


Actuarial analysis of mitral valve replacement data indicates excellent long-term survival. 
The embolic incidence is low even without the use of anticoagulant. 


In-vitro studies indicate hydraulic function superior to other tissue valve substitutes. 


For further information on the Pericardial Xenograft, contact your Shiley Representative — USA 
(714-979-0500), or International Representative — Telex No. 68-5585, or write: 


Shiley, inc. 

17600 Gillette Avenue 
Irvine, California 92714 
(714) 979-0500 

(800) 854-3683 

(800) 854-3684 

Cable: SHILEYSLIRIN 
Telex: 68-5585 

Mailing Address 

P.O. Box 11707 

Santa Ana. California 92711 
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TAKE SIX HANDS... 
... You can now do with two, and CARDIOTEST™. New from CPI., 
CARDIOTEST is an easy-to-operate pushbutton instrument that is 
really three devices in one: a threshold analyzer, a pacer tester and a 


noninvasive pacer monitor. It’s the compact answer to all your pace- 
maker analysis needs — both during and after implant. 


Pushbutton operation makes CARDIOTEST simple to use. And the 
self-explanatory faceplate is clearly divided into the three functional 
areas for precise and reliable operation. The large dispay area allows 
quick identification of numerical values and units of measurement 
(ppm, ms, v, mA, K2, mv). 


With CARDIOTEST, you can measure thresholds at the implantable 
pacer’s pulse parameters .. . for a start. You can also test lead 
system resistance, R-wave amplitude, and implantable pacer output 
characteristics. 


A range of special test functions not offered by most other pacer 
analyzers includes: 

Demand pacing option during threshold testing 

Measurement of implantable pacer sensitivity 

Implantable pacer refractory period measurement 

Simultaneous patient pacing during test operations 

Noninvasive, postoperative measurement of rate, interval and pulse 

width 


The highly visible display quickly verifies all dial settings on CARDIO- 
TEST, so mechanical setting inaccuracies are eliminated. Extreme 
precision of actual measurements is achieved through crystal 
controlled timing and state-of-the-art digital logic circuit techniques. 
\What appears on the display is what’s actually occurring within the 
patient's pacing system. 
For accurate, complete, yet simply performed analyses, CARDIOTEST is 
the answer. 


For additional information on how CARDIOTEST can provide simple 
solutions to your pacemaker analysis needs, contact your CPI repre- 
sentative or call Toll-Free (800) 328-9588. 


4100 North Hamline Avenue 
/ P.O. Box 43079 
St. Paul, Minnesota 55164, U.S.A. 


/ Cardiac Pacemakers, Inc. 


INVOLVED IN MANKIND 


€) 1979 Cardiac Pacemakers, Inc. 
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OX YGENATOR. 


The William Harvey Disposable Hybrid Oxygenator has been 
used in more than 300,000 clinical procedures. Its dependability and 
reliability have made it the oxygenator of choice. 

It's the next best thing to the real thing. 

Depend on William Harvey for your cardiovascular equipment needs— 
oxygenators, tubing packs, filters, cardiotomy reservoirs, connectors. 





WILLIAM HARVEY’ 


THE NEXT BEST THING. 


EDITORIALS 


Annuloaortic Ectasia 


Denton A. Cooley, M.D. 


The combination of an aneurysm involving the 
aortic root and incompetence of the aortic valve 
due to stretching and distortion of the valve 
mechanism has been a challenge to the cazdiac 
surgeon since the beginning of the “open- eart 
era." In March, 1960, using temporary car- 
diopulmonary bypass and intermittent -oro- 
nary perfusion, I operated on a 45-year-old 
man with such a lesion caused by Erdheim’s 
cystic medionecrosis [1]. The leaflets o: the 
valve were typically thin and attenuated, and 
incompetence was caused only by a dilatation 
of the aortic root, with displacement of the 
commissural attachments laterally and ceph- 
alad. The aortic regurgitation was relieved by 
performing "'bicuspidization" of the aortic 
valve—a technique in which the noncoronary 
cusp of the valve and sinus of Valsalva weze ex- 
cised and the annulus was reconstructed with 
a longitudinal suture line. The remaining 
fusiform aneurysm was excised circumseren- 
tially, and an end-to-end anastomosis was per- 
formed with silk sutures. After operation, the 
patient had mild evidence of residual aortic 
regurgitation but recovered. He was lost to 
follow-up after two years. 

Since the patient lacked the ocular and 
skeletal stigmata associated with Marfan's syn- 
drome and had no family record of the disease, 
his case fell into the forme fruste catego-y. In 
the published case report, the term annulcaortic 
ectasia was proposed as more appropriate than 
others such as Marfan's, forme fruste, or a his- 
torical diagnosis of cystic medionecrosis. An- 
nuloaortic ectasia is anatomically descriptive 
and seems more acceptable for all such lesions 
of the aortic root. 

Since 1960, the operation for annulcaortic 
ectasia has evolved into one which, when per- 
formed by capable surgeons, is associated with 
an acceptably low mortality. Nevertheless, the 
lesion is still considered a challenge, ar.d the 


From the Texas Heart Institute of St. Luke's Episcopal and 
Texas Children's Hospitals, PO Box 20345, Hous-on, TX 
77025. 


operation requires meticulous and precise sur- 
gical technique. 

In my opinion, the major reason the risk of 
operation has been reduced is attributable to 
the development of better replacement pros- 
theses. The newer, low-porosity woven Dacron 
grafts control the intraoperative hemorrhage 
formerlv encountered in the heparinized pa- 
tient. In fact, at the Texas Heart Institute, we 
have performed the operation successfully in 
patients who are Jehovah's Witnesses. The total 
valve prostheses presently available, which 
provide complete and reliable relief of valve in- 
competence, eliminate the problem of persis- 
tent valve incompetence encountered after val- 
vuloplasty. 

Managing the coronary arteries in patients 
with annuloaortic ectasia is another technical 
consideration since reimplantation of the coro- 
nary arteries may be necessary in order to re- 
move the entire diseased entity and prevent re- 
currence of the aneurysm. In their report (this 
issue, p 307), McCready and Pluth from the 
Mayo Clinic reveal the steady evolution of the 
operation to the present form. In their early ex- 
perience it was customary to leave the aortic 
root in place and make the graft to the aortic 
anastomosis above the level of the coronary 
orifices. More recently, the trend has been to 
use a composite fabric graft containing a valve 
substitute and reimplantation of the coronary 
arteries into the fabric graft. Subcoronary im- 
plantation of the graft eliminates the possibility 
of late formation of an aneurysm in the prox- 
imal segment, which was not excluded in the 
supracoronary implantation. 

In the initial operation for annuloaortic ec- 
tasia, silk sutures were used but now are al- 
most never used in vascular operations. Why? 
Because silk sutures, although long considered 
to be nonabsorbable and consequently perma- 
nent, have been shown to deteriorate and frag- 


ment over a period of several years thereby 


causing false aneurysms of the suture line, par- 
ticularly when vascular grafts were involved. 
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Less well known, however, is our experience at 
the Texas Heart Institute with monofilament 
sutures of polypropylene, which fragment or 
fracture when used to suture woven fabric 
grafts. We believe this is caused by the shearing 
action of the elastic artery against the more 
rigid, unyielding fabric. Accordingly, in all vas- 
cular operations we use only braided polyes- 
ter sutures for graft-to-tissue anastomoses. 

During the past seven years, 305 patients 
with aneurysms of the ascending aorta, in- 
cluding those with annuloaortic ectasia, were 
seen at the Texas Heart Institute. Among them, 
169 underwent concomitant aortocoronary by- 
pass with saphenous vein grafts. Subcoronary 


placer-ent of the fabric graft was used in 24 
patier-s, with 2 early deaths. On the basis of 
our experience, I agree with Drs. McCready and 
Pluth that the aneurysm should be excised 
completely in patients with annuloaortic ectasia 
whose disease process extends into the sinuses 
of Valsalva. Reimplantation of the coronary ar- 
teries =hould not increase the incidence of post- 
operative hemorrhage and may actually reduce 
the risk. 


Reference 
1. Ellis PR Jr, Cooley DA, DeBakey ME: Clinical 
considerations and surgical treatment of annulo- 


aortic ectasia. J Thorac Cardiovasc Surg 42:363, 
1961 
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Adequacy of Myocardial Protection 


John L. Ochsner, M.D. 


There is no doubt that hypothermia decreases 
myocardial metabolism and thereby offers 
protection -during an ischemic period. Like- 
wise, the production of cardioplegia incuced 
by a hyperkalemic solution has demonstrated 
additional protection by preventing cell ezcite- 
ment through reduction in transmembrane 
potentials. The supplementation of mem- 
brane stabilizers and metabolic substrates 
to the cold cardioplegic solution adds further 
protection to the myocardium. Other benefits 
attributed to cardioplegic solution are instan- 
taneous cardiac standstill with infusion, ar d re- 
sumption of spontaneous heartbeat following 
reperfusion of blood. 

In this issue of The Annals, two articles, one a 
clinical study and the other a sophisticated ex- 
perimental model, show that despite the many 
advantages of hypothermic cardioplegia, its use 
may not be without hazard in particular cir- 
cumstances. Cardioplegia may not be protec- 
tive to the myocardium that is perfused by ves- 
sels with substantial obstructive disease. Since 
undoubtedly the most common use of hy- 
pothermic cardioplegic solution is in Toro- 
nary artery operations, these findings should 
not be taken lightly. A significant number of 
perioperative myocardial infarctions or in- 
stances of depressed myocardial function still 
occur after myocardial revascularization in 
which cold cardioplegic solutions have been 
used to "protect" the heart. Since the peri- 
operative infarcts are usually in the area cf the 
artery grafted, it may well be that the cause 
of infarction is inadequate protection a- the 
time of operation. Given the fact that th= in- 
dication for myocardial revascularization is 
inadequate sanguineous perfusion of the 
myocardium, it must be assumed that p=rfu- 
sion with any solution will likewise have its 
limits. If an area is inadequately perfused by 
hypothermic cardioplegic solution, the in- 
volved area may not become paralyzed or suffi- 


From the Department of Surgery, Ochsner Medical Irstitu- 
tions, 1514 Jefferson Hwy, New Orleans, LA 70121- 


ciently cooled, and these two protective mea- 
sures are not accomplished. 

The work of Chiu and associates (p 317) 
shows that core cooling, as monitored by 
intramyocardial temperature, is unpredictable 
and uneven. The: great variation in levels of 
hypothermia (6.5? to 33°C) that they report more 
than likely indicates error in technique, rather 
than pathophysiological differences. A myo- 
cardial temperature of 33°C after infusion of 7.8 
ml per kilogram of body weight of cold (4° to 
8°C) cardioplegic solution signifies either se- 
vere aortic insufficiency or some mistake in its 
delivery. That they were able to deliver this 
amount of cold infusion in less than 2 minutes 
through a 14-gauge needle under hydrostatic 
pressure of 200 mm Hg indicates that at least 
part of the infusate flowed somewhere other 
than the coronary circuit. In the experience of 
the Ochsner Medical Institutions, the spectrum 
of myocardial temperatures after infusion of 
cold cardioplegic solution is from 6° to 17°C, 
much narrower than that reported by Chiu and 
associates. Also, we have observed a lesser tem- 
perature gradient within the same heart than 
Chiu and colleagues, our greatest observed 
difference being 6°C. This gradient lessens with 
repetitive infusions and is usually inconse- 
quential after the second injection. The uneven 
distribution is diminished by judicious use of 
topical cold irrigations or ice slush. Like Chiu 
and co-workers, we have noted that the heart 
rewarms at a rate of approximately 0.5°C per 
minute, despite measures to isolate it from 
heat. The rewarming is most rapid in the first 
10 minutes. Because of this insidious warming 
of the heart, infusions of the hypothermic car- 
dioplegic solution should be repeated every 20 
to 30 minutes. 

The research work of Hilton and co-workers 
(p 323) supports the concept that myocardial 
function is preserved when cold cardioplegic 
perfusion is global and uniform. They further 
demonstrate that an area of inadequate perfu- 
sion functions poorly after reperfusion with 
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blood. Their experimental model exaggerates 


the usual clinical situation in that the acute oc- 
clusion of a normal coronary artery, as per- 
formed in their experiment, does not lead to the 
development of collateral circulation, which 
might lessen the impairment of perfusion. 
However, coronary collateral circulation in a 
patient undergoing coronary artery bypass is 
subnormal and hence the experiment is pro- 
portionally valid. Hilton and co-workers pro- 
pose technical maneuvers for infusing cold car- 
dioplegic solution serially through the coronary 
artery bypass grafts, supporting that myocar- 
dium in greatest jeopardy first. 

We believe that it is imperative to maintain a 
cold myocardium throughout any period of ar- 
rest. Although this hypothermia can be accom- 
plished by various techniques, we have been 
impressed with the ability to achieve and 
maintain myocardial temperatures that are less 
than 20°C with cold blood perfusate from the 


extracorporeal circuit. If the perfusate temper- 
ature :s maintained at 10°C or less for a period 
of 5 to 10 minutes and if the heart is simultane- 
ously »athed in a cold solution, the myocardial 
temperature invariably falls to 12° to 15°C. Re- 
perfuzion for 5 minutes at 20- to 30-minute 
intervals with a perfusate at a temperature of 
10°C znd infusion of cold Normosol (balanced 
salt salution) through each completed graft will 
maintain the myocardial temperature at less 
than 25°C. l 

We agree with Hilton and colleagues that it is 
impor:ant to maintain cardiac temperatures at 
less than 20°C and that the hypothermia be 
evenl; distributed throughout the heart. How 
this is achieved is not as important as that it is 
achieved. The message from these two articles 
is the necessity of continuous monitoring of the 
intrar yocardial temperature in more than one 
area ead of maintaining the desired tempera- 
ture i>. all areas of the heart. 
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ORIGINAL ARTICLES 


Surgical Treatment of Ascending Aortic E 
Aneurysms Associated with Aortic Valve Insufficiency 


Robert A. McCready, M.D., and James R. Pluth, M.D. 


ABSTRACT From 1965 to 1978, 111 patients cnder- 
went combined operation for ascending aortic aneu- 
rysms and aortic valve insufficiency. Fifteen petients 
had direct coronary implantation (Group 1). In 25 
patients operated on between 1972 and 1977, the 
aortic root was retained (Group 2). An additional 71 
patients operated on between 1965 and 1972 were 
included (Group 3): 40 who had synthetic graft re- 
placement and retention of the aortic root end 31 
who had aortoplasty and associated aortic va-ve re- 
pair. In 8 patients in Group 3, recurrent aneurysms 
were detected an average of 6.5 years after ope-ation. 
The mortality rate for repair of the recurrent aneu- 
rysms was 57%. Recurrent aneurysm formatioa con- 
stitutes a major complication after incomplete re- 
section of the aortic root. Total exclusion of the 
aneurysm should be considered. 


The need for aortic valve replacement ar d re- 
section of an associated ascending aortic aneu- 
rysm is frequently encountered by the surgeon. 
The question of whether to retain the aortic root 
with interposition of a graft or to place a valve 
conduit with an enclosed valve from tbe an- 
nulus to the distal aorta remains unresolved. 
Retention of the aortic root has the potential 
disadvantages of bleeding from the prcximal 
aortic suture line and recurrent aneurysm for- 
mation. Use of the valve conduit has equally 
formidable hazards, with potentially Ligher 
mortality and pericoronary false aneurysm for- 
mation associated with reimplantation of the 
coronary arteries. 

This review was undertaken to determine the 
relative safety of the various procedures end to 
From the Department of Surgery, Mayo Clinic anc Mayo 
Foundation, Rochester, MN. 


We thank Ms. Kathleen M. Amundson for help in preparing 
the manuscript, Mr. Floyd E. Hosmer, Medical Graphics, 
for the artwork, and Dr. Michael P. Kaye for his comments 
on the manuscript. 


Presented at the Fifteenth Annual Meeting of The Society 
of Thoracic Surgeons, Jan 15-17, 1979, Phoenix, AZ 


Address reprint requests to Dr. McCready, c/o Section of 
Publications, Mayo Clinic, 200 First St SW, Rochester, 
MN 55901. 


307 0003-4975/79/100307-10$01.25 © 1978 by Mayo Foundation 


determine whether aneurysm formation at the 
base of the retained aortic root is a major risk. 


Clinical Material 

At the Mayo Clinic from 1965 to 1978, 111 pa- 
tients underwent operation for aortic valve in- 
sufficiency associated with an aneurysm of the 
ascending aorta (Table 1). In all but 3 patients, 
an aortic valve prosthesis was employed to cor- 
rect the aortic regurgitation. Included in this 
study were 15 patients operated on between 
1972 and 1978 in whom a valve conduit was 
employed with reimplantation of the coronary 
arteries into the valve conduit (Group 1), 25 pa- 
tients operated on between 1972 and 1977 in 
whom the aortic root was retained with a distal 
prosthetic graft (Group 2), and 71 patients oper- 
ated on between 1965 and 1972 (Group 3). In- 
cluded in Group 3 were 40 patients with reten- 
tion of the aortic root and a distal synthetic graft 
(Group 3a) and 31 patients with aortoplasty 
(Group 3b). The various procedures used are 
illustrated in the Figure. 

Extracorporeal circulation with moderate 
hypothermia was used in each patient. Coro- 
nary artery perfusion was employed in all pa- 
tients in this series, although a cardioplegic 
solution has been employed in patients oper- 
ated on recently. 


Group 1 

Of the 15 patients undergoing valve conduit 
replacement of the ascending aorta and re- 
implantation of the coronary arteries into the 
conduit, 11 were men and 4 were women 
ranging in age from 23 to 68 years (mean, 52.5 
years). Pathological sections of the aneurysm 
were obtained in all 15 patients and showed 
cystic medial necrosis in 1396, atherosclerosis in 
7496, and chronic dissection in 1396. 


Group 2 
Of the 25 patients with retention of the aort 


root and distal synthetic graft replacement, 4 
Ge 
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Table 1. Preoperative and Operative Data on Patients 
with Ascending Aortic Aneurysms and Aortic Valve Insufficiency 


Group 1 
Factor (N = 15) 
Valve type“ 
Starr-Edwards 13 
Bjork-Shiley 1 
Braunwald-Cutter 1 
Hancock 0 
Magovern Q 
Graft type 
Woven Dacron , 15 
Woven Teflon 
Hancock 0 
Sex 
Male . 11 (7396) 
Female 4 (27%) 
Age (yr) 
Mean 52.5 « 
Range 23 to 68 
Aneurysm disease” 
Atherosclerosis 11 (73%) 
Chronic dissection 2 (13%) 
Acute dissection 0 
Cystic medial 2 (13%) 
necrosis (Marfan's) 
Length of bypass (min) 
Mean | 140 
Range 108 to 176 
Total blood replacement (units) 
Mean 14 
Range 3 to 24 


Croup 2 Group 3a Group 3b 
(N = 25) (N = 40) (N = 31) 
13 39 27 
2 0 0 
8 0 1 
2 0 0 
0 0 1 
z3 35 0 
0 9 0 
2 0 0 
| 24 (56%) 33 (8396). 23 (74%) 
21 (44%) 7 (1796) 8 (2696) 
F6.7 46.9 54.6 
29'to 77 8 to 66 38 to 73 
4 (2496) 5 (1396) 6 (2196) 
7 (4196) | 11 (2996) 7 (2596) 
1 (696) 2 (1196) 0 
5 (2996) 17 (4796) 15 (54%) 
121 118 98 
€0 to 285 59 to 220 47 to 142 
12 14 13 
. 3 to 45 3 to 51 5 to 22 


^One patient in Group 3a and 2 patients in Group 3b underwent resüspension of the noncoronary cusp. 
vIn some instances, a specimen of the aneurysm was not submitted fo- pathological examination; the percentages calcu- 


lated are based on the number submitted for examination. 


were men and 11 were women with an age 
range of 29 to 77 years (mean, 56.7 years). Study 
of pathological specimens of the aneurysms 
showed cystic medial necrosis in 29%, athero- 
sclerosis in 2496, chronic dissection in 4196, 
and acute dissection in 696. 


Group 3a 

Of the 40 patients in whorn the aortic root was 
rétained and a distal graft inserted, 33 were 
male patients and 7 were female patients with 
an age range of 8 to 66 years (mean, 46.9 years). 
Study of the specimens submitted for examina- 


tion showed cystic medial necrosis in 47%, 
atherosclerosis in 13%, chronic dissection in 
29%, arid acute dissection in 11%. 


Group 35 

Of the 31 patients undergoing various aorto- 
plastic procedures, 23 were men and 8 were | 
women with an age range of 38 to 73 years 
(mean 54.6 years). Study of the specimens re- 
vealed -ystic medial necrosis in 54%, athero- 
sclerosis in 2196, and chronic dissection in 
2596. 
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Procedures used in treatment of ascending aortic aaeu- 
rysm associated with aortic valve insufficiency. (A! 
Complete resection of the ascending aorta, with a valve 
conduit (with an enclosed valve) and reimplantatica of 
the coronary arteries into the composite graft. (B) Re- 
tention of the aortic root, with a distal synthetic graft. 
(C) Form of aortoplasty frequently used in which ca el- 
lipse of aorta is excised and a patch graft is inserte?. 


Results 
A summary of the operative and postoperative 


data for the groups of patients is found in Ta- 
bles 1 and 2. 


Group 1 

One patient could not be weaned from bypass 
because of poor hemodvnamics (early mor- 
tality, 7%). Average follow-up for the 14 sur- 
vivors was 26 months (range, 1 to 55 morths), 
and there have been 2 late deaths (1496). One 





patient died at 7 months following a myocardial 
infarction, and the other patient died in pulmo- 
nary edema at 72 months. Two of the patients 
were readmitted because of further aneurysmal 
disease. In 1, the aneurysm involved the de- 
scending thoracic aorta and was successfully 
removed. The second patient had diffuse aneu- 
rysm formation involving the thoracoabdomi- 
nal aorta, and surgical therapy was not advised. 
Aortography revealed that both patients had a 
mild seepage of contrast material around the 
coronary anastomosis into the channel between 
the aortic graft and the aneurysm sac. | 
The average duration of bypass was 140 min- 
utes (range, 108 to 176 minutes). The average 
amount of blood replacement during hospitali- 
zation was 11 units (range, 3 to 24 units). Six 
patients (4096) had arrhythmias, supraventric- 
ular in 5 and ventricular in 1. One patient (796) 
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Table 2. Postoperative Data on Patients with Ascending 
Aortic Aneurysms and Aortic Valve Insufficiency 


Data 


Follow-up (mo) 
Mean 


Range 
Early complications 
Arrhythmias 
Supraventricular 
Ventricular 
Both the above 
Digitalis toxicity 
Atrioventricular 
dissociation 
Excessive bleeding 
(requiring reoperation) 
Late complications and 
recurrences? 
Embolic episodes 
Congestive heart failure 
Myocardial infarction 
Distal aneurysm formation 
Recurrent aneurysms of 
aortic root 
Pericoronary false 
aneurysms 
Mortality 
Early 
Late? 


Late death, causes 
Myocardial infarction 
Left ventricular failure 
Distal aortic dissection 
After reoperation for 

recurrent aortic root 
aneurysms 
Rupture of recurrent 
aortic root aneurysms 
After reoperation for 
malfunctioning aortic 
valves 


Miscellaneous 


Group 1 


(N = 15) 


26 
1 to 55 


6 (40%) 
5 
1 


0 
0 


1 (7%)? 


1 (796) 
1 (7%) 
1 (796) 
2 (14%) 
0 


2 (1496) 


1 (796) 
2 (1496) 


O 0 co na 


1 


Group 2 Group 3a Group 3b 
(N = 25) (N = 40) (N = 31) 
35 72 52 
1 to 72 12 to 132 7 to 108 
3 (36%) 9 (23%) 12 (3996) 
5 8 10 
1 1 1 
3 0 0 
0 0 1 
3 (12%) 7 (18%) 7 (23%) 
2 (8%) 4 (13%) 5 (23%) 
- (4%) 3 (10%) 3 (14%) 
2 (8%) 1 (3%) 0 
1 (4%) 0 0 
0 5 (16) 3 (14%)* 
0 0 0 
z (8%) 9 (23%) 9 (29%) 
5 (22%) 8 (26%) 10 (32%) 
= 1 0 
C 1 3 
C 2 0 
C 3 1 
C 0 1 
Z 0 1 
l 1 4 





a Also required a second reexploration for removal of a retained coronary cannula. 


>Percentages calculated are based on the number of patients who survived more than 30 days after operation. 
‘Average interval from operation to recurrence, 87 mo. 
d Average interval from operation to recurrence, 65 mo. 


required reexploration for excessive bleed- 


ing, but no specific source of bleeding was found. 


Group 2 


One patient who had undergone an aortic 
commissurotomy 13 years earlier could not be 


weaned from bypass because of poor hemo- 
dynamics. One patient died on the second 


postoperative day because of a low cardiac out- 
put and metabolic acidosis after he had twice 
been -eexplored because of bleeding. Early 
mortal:ty was 8%. Average follow-up for the 23 
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survivors was 35 months (range, 1 t» 72 
months). There have been 5 late deaths (22%), 
and 5 patients (22%) have undergone reo»era- 
tion. Two late deaths occurred at 39 ard 48 
months after myocardial infarctions. Two other 
late deaths occurred at 53 and 60 months after 
replacement of malfunctioning Braunwald- 
Cutter valves. The other patient died of multi- 
ple problems 2 months after operation. Two 
other patients with Braunwald-Cutter valves 
underwent poppet replacement and cloth re- 
moval at 48 and 72 months. One additional pa- 
tient with a Starr-Edwards valve underwent 
reoperation at 29 months because of a svmp- 
tomatic perivalvular leak. These 3 patients did 
well after reoperation. 

The average duration of bypass was 121 min- 
utes (range, 60 to 285 minutes). The average 
amount of blood replacement during hospitali- 
zation was 12 units (range, 3 to 45 units). 

Arrhythmias developed in 9 patients (3696): 
they were supraventricular in 5, ventricular in 
1, and induced by digitalis toxicity in 3. Three 
patients (12%) underwent reexploration for ex- 
cessive bleeding, but no specific source was 
found. 


Group 3a 

Nine patients in this group died within 1 
month of operation (early mortality 2396). Three 
patients had fatal arrhythmias, ventricular fi- 
brillation in each, within 48 hours of operation. 
Three patients died at operation: 1 of ven- 
tricular fibrillation; 1 of profuse bleeding from 
the proximal aortic suture line; and 1 of perfu- 
sion through a false channel in the femoral ar- 
tery. The other 3 deaths were attributed to sep- 
sis and poor hemodynamics in 1 patient, renal 
insufficiency and gastrointestinal bleeding in 1, 
and irreversible brain damage in 1. 

Average follow-up for the 31 survivors was 72 
months (range, 12 to 132 months). There have 
been 8 late deaths (2696). The causes of death 
were left ventricular failure in 1 (5 months post- 
operatively), distal aortic dissection in 2 at 15 
and 60 months, myocardial infarction in 1 at 14 
months, and a cerebral embolus in 1 at 72 
months. Three patients died after reoperation 
for recurrent aneurysms of the aortic root 74, 82, 
and 92 months after the initial operatior. Re- 
current aneurysms of the aortic root developed 


in 2 patients, and both survived reoperation at 
76. and 108 months. 

The average duration of bypass was 118 min- 
utes (range, 59 to 220 minutes), and the average 
blood replacement during hospitalization was 
14 units (range, 3 to 51 units). Nine patients 
(2396) had arrhythmias: 8 supraventricular and 
1 ventricular. Seven patients (18%) required re- 
exploration for excessive bleeding, and in 5 of 
them, the bleeding came from the proximal 
anastomosis. 


Group 3b 

Nine patients died within 1 month of opera- 
tion, for an early mortality of 29%. Three pa- 
tients died of arrhythmias (ventricular fibrilla- 
tion within 72 hours), 1 died of low cardiac 
output on the third postoperative day, 1 died of a 
suspected cerebral embolus at 1 month, 1 died of 
intractable bleeding at the aortic root at opera- 
tion, 2 patients died of rupture of the aortotomy 
closure at 8 and 25 days, and 1 died of sepsis at 
1 month. 

Average follow-up for the 22 survivors was 52 
months (range, 7 to 108 months), with 10 late 
deaths (4596). Three died of left ventricular fail- 
ure 22, 36, and 48 months after operation; 1 
died after reoperation for a recurrent aneurysm 
of the aortic root at 78 months; 1 at 84 months 
after rupture of a recurrent aortic root aneu- 
rysm; 1 of poppet embolization in a Braun- 
wald-Cutter valve at 48 months; 1 of car- 
cinoma of the lung at 18 months; 1 of cardiac 
arrest at 2 months; and 2 of unknown causes. 
One additional patient had a recurrent aortic 
root aneurysm and did well after reoperation 32 
months after the initial operation. Aortic insuf- 
ficiency developed in 5 patients as a result of a 
perivalvular leak an average of 30 months after 
insertion of an aortic valve. A Starr-Edwards 
valve was used in 4 of the patients, and a 
Braunwald-Cutter valve in the other. All 5 re- 
quired reoperation and did well. 

The average duration of bypass was 98 min- 
utes (range, 47 to 142 minutes), and the average 
blood replacement was 13 units (range, 5 to 22 
units). Twelve patients had arrhythmias: su- 
praventricular in 6, ventricular in 1, a combina- 
tion of both in 4, and atrioventricular dissocia- 
tion in 1. Seven patients (23%) underwent 
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reexploration for excessive bleeding, and in 5, 
the aortic suture line was the source of bleeding. 


Comment 

Aneurysms of the ascending aorta are most fre- 
quently due to cystic medial necrosis, although 
other causes include atherosclerosis, acute and 
chronic dissections, luetic aortitis, and giant 
cell aortitis [10]. The classic histological changes 
of cystic medial necrosis were described by 
Erdheim [7] in 1929 and consist of necrosis and 
disappearance of muscle cells and elastic fibers 
in the aortic media, along with cystic spaces 
containing mucoid material. This focal degen- 
eration of the elastic lamellae in the media can 
be part of a widespread mesenchymal disorder 
in patients with Marfan’s syndrome, or it can 
occur alone, in which case it is classified as a 
forme fruste of Marfan’s syndrome [10, 13]. 

The associated aortic insufficiency is the re- 
sult of either dilatation of the aortic root in 
fusiform aneurysms or dissection of the non- 
coronary leaflet attachment to the aortic wall, 
with prolapse of the noncoronary cusp into the 
left ventricle in the case of dissecting aneu- 
rysms. In this series, nearly all of the 111 pa- 
tients, other than those operated on for dissec- 
tion, had a bulbous aortic root with a relatively 
normal aortic valve, and the aortic insufficiency 
appeared to be secondary to annular dilatation 
from the pear-shaped proximal aorta. 

Surgical correction of ascending aortic aneu- 
rysms became possible with the introduction of 
extracorporeal circulation. Cooley and DeBakey 
[3] reported in 1956 the successful replacement 
of the ascending aorta with a woven prosthetic 
graft. In. 1964, Wheat and co-workers [14] ex- 
tended the operation by bringing the graft 
down to the aortic annulus, except for two small 
tongues of the proximal aortic root which con- 
tain the coronary ostia. In 1968, Bentall and De 
Bono [1] reported the use of a composite graft 
(graft plus a prosthetic valve), with reimplanta- 
tion of the coronary ostia into the graft. The 
adventitia of the aneurysm was subsequently 
wrapped around the graft as an aid to hemo- 
stasis. Subsequently, Edwards and Kerr [6] 
modified this technique by inserting the com- 
posite graft in the annulus and suturing excised 
holes in the graft to the coronary ostia. They 


had previously employed the method of aneu- 
rysm resection advanced by Wheat and co- 
workers [14], but bleeding from the proximal 
suture line necessitated a change in technique. 
Excessive bleeding from the proximal anas- 
tomosis is not an uncommon problem, as re- 
ported in the literature. In the series of patients 
with ecute dissecting aneurysms reported by 
Liotta and associates [10], 3 of the 4 postopera- 
tive deaths were from massive bleeding at the 
proximal anastomosis, and in a subsequent re- 
port [11], dehiscence of the proximal suture line 
was responsible for one-fourth of the early 
postoperative deaths. In the series of Bloodwell 
and associates [2], 4 patients underwent reex- 
ploration for postoperative bleeding, and all 
were found to have bleeding from the proximal 
suture line. In our series of patients, the lowest 
incidence of reexploration for bleeding oc- 
curred in the patients of Group 1 who had total 
excision of the aneurysm and reimplantation of 
the coronary arteries into the valve conduit. In 
the 14 patients of Groups 3a and 3b who 
underwent reexploration for bleeding, bleeding 
was found to arise from the aortic suture line in 
10. In Group 3a, the aortic root had been re- 
tained and a graft inserted above the coronary 
ostia, end in Group 3b, various types of aor- 
toplasty were performed. In some of the pa- 
tients in Groups 2, 3a, and 3b, Teflon pledgets 
were used to buttress the proximal aortic suture 
line. There were 2 operative deaths from un- 
control able bleeding at the proximal aortic su- 
ture line in Groups 3a and 3b. Also, 2 of the 
early deaths in Group 3b resulted from rupture 
of the zortotomy closure during the early post- 
operative period. es 
Recurrent aneurysm formation is also re- 
ported as a potential problem when the aortic 
root is preserved [4, 8-10]. Symbas [12] de- 
scribed a 16-year-old patient with Marfan’s syn- 
drome who had recurrent aneurysm formation 
after 26 months, while Liddicoat and col- 
leagues [9], in a review of 100 consecutive pa- 
tients, reported a 3% incidence of recurrent an- 
eurysm. In our series of 111 patients, 8 (5 in 
Group 3a and 3 in Group 3b) had recurrent an- 
eurysms. One major, and important, difference 
between Group 3a and Group 2 was the dura- 
tion of follow-up, which averaged 72 and 35 
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months, respectively. Patients in Group 2 
underwent operation after 1972 and patients in 
Group 3 were operated on prior to 1972. In both 
Groups 2 and 3a, the aortic root was retained 
and a graft was inserted above the coronary 
ostia. The duration of follow-up in relation to 
recurrent aneurysm formation is probably im- 
portant: an average of 6.5 years elapsed before 
the development of recurrent aneurysms. In all 
of our patients with recurrence, cystic medial 
necrosis was present. Although the abserce of 
identified formation of recurrent aneurysm 
in patients operated on since 1972 mav be 
due to differences in technique or tc the 
shorter duration of follow-up, other fectors 
could be involved. Cystic medial necrosis was 
the most common pathological diagnosis ia our 
series, but in more recent years the incidence of 
atherosclerosis may be increasing. This in- 
crease may be a more important consideration 
because recurrent aneurysm formation, ccntrol 
of bleeding, and difficulty with severe sature 
placement may be more common in patients 
with cystic medial necrosis than in those with 
atherosclerotic aneurysms. Most of the patients 
with distal graft replacement had a sufficient 
cuff of proximal aorta retained for placement of 
sutures without impinging on the coronary 
ostia. Inasmuch as the coronary ostia were often 
markedly displaced superiorly owing to eneu- 
rysm formation between the coronary ostia and 
the annulus, a sizable portion of the abnormal 
aortic wall was retained. In those patients oper- 
ated on since 1972, more extensive resection of 
the proximal aorta was attempted in which only 
the tongues of the aortic wall containing the 
coronary ostia were retained. 

Of the 7 patients who underwent reoperation 
for recurrent aneurysms, 4 (57%) died. If the 
patient with spontaneous rupture of the eneu- 
rysm is included, the overall mortality asso- 
ciated with recurrent aortic root aneurysras in 
the present series is 6396. 

Several noteworthy features are present in 
this group of patients. The early mortalitv for 
patients operated on between 1965 and 1972 
(Groups 3a and 3b) was 25%, compared with 
7.5% for patients operated on .after 1972 
(Groups 1 and 2). In particular, the operative 
mortality for those patients with aortoplasty 


was the highest, thus supporting the concept 
that the aorta should be replaced with a 
synthetic graft rather than by a tailoring opera- 
tion. In a previous report from this institution 
on patients with Marfan's syndrome, a similar - 
decrease in mortality from 2996 in patients op- 
erated on before 1970 to 8% in those operated 
on after that date was seen [5]. This decrease in 
mortality was attributed mainly to the elimina- 
tion of tailoring procedures of the aortic root. 

Complications after composite graft replace- 
ment of the ascending aorta, with reimplanta- 
tion of the coronary arteries, have been re- 
ported [4]. A perivalvular leak or hemorrhage of 
the distal anastomotic suture line can cause a 
hematoma between the graft and the aneurysm 
Sac, producing compression of the graft with 
resultant supravalvular stenosis [4]. We en- 
countered this problem in 1 patient in whom an 
unidentified bleeding site could not be vi- 
sualized or controlled during bypass. In this in- 
stance, a pressure-monitoring catheter was 
placed in the false channel, and repeated 
aspirations were employed whenever the 
hemodynamics deteriorated, until the clotting 
factors returned to normal. This allowed us to 
successfully wean the patient from bypass 
while providing pressure control of the bleed- 
ing site. The patient's subsequent postopera- 
tive course was uneventful. In addition, hemor- 
rhage from around the coronary anastomosis 
into the channel between the graft and the an- 
eurysm sac also has been reported. Two of our 
patients who have subsequently been restudied 
had this complication, although in neither was 
the degree of regurgitation considered to be 
sufficient to require reoperation. 


Summary 

A total of 111 patients underwent repair of as- 
cending aortic aneurysms and aortic valve re- 
pair or replacement between 1965 and 1978. 
Mortality for repair of ascending aortic aneu- 
rysms with associated aortic valve insufficiency 
was 2596 for patients operated on prior to 1972 
and 7.596 for those operated on since 1972. 
Mortality for aortoplastic procedures was 2996. 
Methods of aneurysm excision included reten- 
tion of a proximal cuff of the aorta with distal 
graft replacement and a composite graft-valve 
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conduit with reimplantation of the coronary 
arteries. Of patients operated on prior to 1972 in 
whom a cuff of proximal aorta was retained, 8 
had recurrent aneurysms (15% of those sur- 
viving the operation). All of the recurrences 
were in patients with cystic medial necrosis, 
and the average length of time before develop- 
ment of the recurrent aneurysms was 6.5 years. 
No recurrences have been noted in patients op- 
erated on since 1972 in whom a proximal cuff of 
aorta was retained. We postulate that this may 
be due to an insufficient period of follow-up or 
to the lower percentage of patients with cystic 
medial necrosis in the more recent time period. 
The mortality with reoperation was 5796, and 
the overall mortality associated with recurrence 
of the aneurysm was 6396. We believe that 
composite graft replacement of the ascending 
aorta with reimplantation of the coronary ar- 
teries eliminates the problem of recurrent aneu- 
rysm formation and can be achieved with ac- 
ceptably low mortality and morbidity. 
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Discussion 

DR. HEERY T. BAHNSON (Pittsburgh, PA): I enjoyed 
hearing Dr. McCready's presentation this morning. 
Even if € accents my age, I would point out that since 
1953, great strides have been made in surgical treat- 
ment o: the ascending aorta, progress to which this 
paper certainly contributes. Although perhaps not 
the most difficult area of the aorta to treat, the as- 
cending aorta nevertheless presents major chal- 
lenges znd the treatment still has a number of im- 
perfections. Our experiences have been reported 
over the last twenty-odd years. The latest report was 
presented by Dr. Charles Campbell in June, 1978, at 
the International Cardiovascular Society meeting. 

It is rare that all of the diseased tissue can be re- 
moved, and one of the major questions facing the 
surgeor. is just how much to remove. Most limit the 
distal excision to the level of the innominate artery, 
even though there may be some dilatation beyond 
this point and even dissection beyond the origin of 
the inncminate artery. Proximally, as Dr. McCready 
has out_ned, the surgeon has more options, and an 
importent one of these now is the use of a valve- 
contain.ag conduit with reimplantation of the coro- 
nary arieries. In our experience, the key to the need 
for this :s whether or not the sinuses of Valsalva are 
dilated and thus involved. They commonly are di- 
lated in Marfan's syndrome, but not in most acute 
dissectizns or in the young or middle-aged male 
with cystic medial necrosis of the ascending aorta. 
Some paople call this a forme fruste of Marfan's syn- 
drome Eut it shows little in common with the syn- 
drome zxcept the cystic medial necrosis, which is 
present in about 1096 of the older population even 
without any of these other stigmata. Drs. McCready 
and Plc-h seem to have found the answer to this 
selectio- of patients since recurrent proximal aneu- 
rysm ha& not been a problem in their Groups 1 and 2, 
those operated on since 1972. 

A major difference between the results re> 
ported mis morning and our experience is in the 
use of 2 prosthetic valve. The valve was replaced in 
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all but 3 of the patients in the present series, whereas 
we usually do not replace the aortic valve except 
when we use a conduit. We have replaced the aortic 
valve in less than a third of our patients. Usir g the 
following measures, aortic regurgitation can zome- 
times be completely or adequately relieved: -esus- 
pend a dropped commissure from acute dissect.on or 
make the dilated ring with normal leaflets smaller, 
make a bicuspid valve out of the tricuspid one, or 
simply anastomose a smaller tubular prosthesis to 
the sinus ridge just above the sinuses of Valsa va. A 
little aortic insufficiency is certainly well tolerated. 
My beliefs in this have been bolstered by the present 
paper because, in the later part of the series, most of 
the reoperations and complications were a result of 
problems with the prosthesis. 

One point on technique: Bleeding has been a 
major problem in all series. About a third of cur re- 
cent patients were returned to the operating room, 
often after long continued efforts to control bleeding 
at the first operation. One of the major points of 
bleeding is around the suture line. We routinely use 
a buttressing pledget of Teflon felt outside the anas- 
tomosis, which is placed with an everting mattress 
suture. Certainly this repair must be done rreticu- 
lously. We have not often used the aneurysm itself, as 
described here, as a means of controlling hemor- 
rhage. We have not wrapped the aneurysm around 
the prosthesis; we believe that this often hidss the 
hemorrhage rather than controls it. Instead, to con- 
trol bleeding we sometimes have used Dacron and at 
other times the fabric from oxidized cellulose. 


DR. CLARENCE S. WELDON (St. Louis, MO): There 
seems to be accumulating evidence that for the man- 
agement of patients with annuloaortic ectasia, the 
Bentall procedure is superior to earlier operctions, 
which left behind a good bit of diseased tissue :n the 
sinus of Valsalva. One of the problems wih the 
Bentall operation performed as it was originaly de- 
scribed (with a reimplantation of a periosteal -uff of 
sinus tissue) is that diseased sinus tissue is incorpo- 
rated into the repair. About a year and a half ago, we 
operated on a patient with an extensive aort-c dis- 
section that extended along the coronary arteries. We 
divided the coronary arteries beyond the distal point 
of dissection and reconstructed the aortic root by in- 
terposing short segments of saphenous vein berween 
the end of the left main coronary artery and the end 
of the proximal right coronary artery and the compo- 
site graft. This kind of reconstruction seemed t» sim- 
plify the procedure considerably. Subsequenty, we 
have electively and successfully used this sort of 
reconstruction for 4 additional patients with an- 
nuloaortic ectasia. It does offer certain advartages. 
Because the anastomoses between the coronery ar- 
tery and the interposed segments of saphenous vein 
are free from the graft, they can be inspected afer the 


reconstruction and dealt with appropriately. The use 
of interposed vein segments eliminates any problem 
with the reimplantation of diseased sinus tissue and 
the known incidence of pericoronary false aneurysm 
formation. The anastomosis between the graft and 
the saphenous vein segments can be arranged in 
such a way that the one leading to the right coronary 
artery is on the top of the graft and the one attached 
to the left main coronary artery is brought under the 
composite graft and attached to the right side of the 
graft. Whether such a reconstruction is, in fact, 
superior to the direct implantation of the pericoro- 
nary aortic tissue depends, of course, on a demon- 
stration of the relative durability of short segments of 
saphenous vein and reimplanted segments of dis- 
eased sinus tissue. 

I would like to make one other point. I agree with 
Dr. Bahnson's comments that when aortic insuffi- 
ciency results from a loss of valve support, as it does 
in patients who have dissection of the proximal aorta 
without annuloaortic ectasia, it is probably not neces- 
sary to do such an extensive resection and recon- 
struction of the aortic root. We believe the operation 
proposed by John Collins of Boston (in which strips 
of Teflon felt are laid into the dissection site to rein- 
force it and in which the aortic valve is simply resus- 
pended) is quite a good and much simpler operation 
for patients who do not have annuloaortic ectasia. 


DR. GORDON FRANKLIN MURRAY (Chapel Hill, NC): I 
would like to compliment the authors on this very 
fine contribution defining the propensity for post- 
operative aneurysm formation in patients with de- 
generative disease. I rise to emphasize that gradual 
expansion and delayed rupture of aneurysms of the 
aortic root can also complicate valve replacement in 
the presence of active endocarditis with extensive 
annular abscess. We believe that total exclusion of 
the aortic root using a composite graft should be con- 
sidered in the care of these desperately ill patients. 

Particularly virulent or prosthetic valve endocar- 
ditis is a cause of aortic root abscess. The technical 
difficulty presented by such a lesion is due to exten- 
sive tissue destruction associated with loss of sup- 
portive fibrous tissue in the aortic annulus and 
eventually left ventricular-aortic discontinuity. Fol- 
lowing debridement, direct suture repair and valve 
replacement often fail since the remaining tissue is 
not suitable for suture placement. 

The use of a composite prosthetic valve graft allows 
liberal debridement of the abscess tissue without 
concern for leaving sufficient tissue for direct suture 
approximation of the aorta and left ventricular mus- 
cle. The valve is sutured without tension into the 
remaining aortic annulus, ventricular muscle, and 
base of the aortic leaflet of the mitral valve. The coro- 
nary ostia and remaining rim of healthy aorta can 
then be sutured to the graft, as described by Dr. 
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McCready. Most important, the abscess wall is pro- 
tected from systemic pressure by the Dacron graft 
and prevents progressive aneurysm formation as a 
late postoperative complication. 


DR. JURO WADA (Tokyo, Japan): This discussion fo- 
cuses On operations for Marfan’s or annuloaortic ec- 
tasia performed at the Heart Institute of Japan, Tokyo 
Women's Medical College. Since 1972, 35 patients 
have been operated on. There were 5 operative deaths, 
and follow-up of the survivors from 5 months up to 
63 months showed that there was only 1 late death, 
which was caused by pneumonia. 

In my judgment, the keys to these improved surgical 
results are as follows: introduction of cold potassi- 
um cardioplegia, which made possible meticulous 
hemostatic suturing between the conduit and tis- 
sues; use of a Dacron conduit covered by a Gore-Tex 
membrane, which prevented oozing during and after 
bypass, and placing U stay sutures between 
the conduit and the ectatic aortic wall to be 
used as a wrapping, which was suggested by my 
associate, Dr. A. Hashimoto, so that pulling or 
twisting of the coronary artery crifices will not take 
place. 

However, I do realize that judging the superiority 
of the operative technique will depend on the long- 
term results. I hope to comment on them in the fu- 
ture. i i 


DR. Mc READY: I would like to thank the discussants 
for the-r interesting comments and address a couple 
of points. 

We certainly agree with Dr. Bahnson that the pres- 
ence of dilated sinuses is important in patients with 
Marfan’s disease, and we believe strongly that these 
patients should have a composite graft inserted. An- 
other key point to which he alluded was the fact that 
both G-oup 1 and 2 patients were operated on after 
1972 ard thus have a short period of follow-up. We 
await with great interest the long-term results for 
these patients, especially those in Group 2. Many of 
the pat.ents in Groups 2 and 3a, in which the graft 
was placed above the coronary ostia, did have 
pledgets at the proximal suture line and we believe 
that this is an important step to reduce bleeding at 
the proximal suture line. We wrap the aneurysm sac 
around the graft when using the valve conduit and 
consider this important because of the weeping 
througk the aortic graft. 

I went to thank Dr. Weldon for his interesting pre- 
sentaticn of a unique approach to this problem. Most 
of the patients in our series with dissection had 
chronic dissection rather than acute dissection, and 
in these patients we thought that aortic valve re- 
placement was warranted rather than resuspension 
of the roncoronary cusp. 

I wish to thank Dr. Murray for his discussion of the 
application of our technique for a very difficult 
problem. 


The Importance of Monitoring Intramyocardial 
Temperature during Hypothermic Myocardial Protection 


Ray C. J. Chiu, M.D., Ph.D., Peter E. Blundell, M.D., Henry J. Scott, M.D., 


and Steven Cain, M.D. 


ABSTRACT In 50 patients undergoing cardiac 
operation, hypothermic cardioplegic solution was 
infused into the root of the aorta immediately 
after aortic cross-clamping. Cardiac standstill was 
achieved within 1 to 3 minutes. However, monitor- 
ing of intramyocardial temperature with a needle 
thermistor revealed that such core cooling is unpre- 
dictable (the intramyocardial temperature achieved 
ranged from 7° to 33°C), unstable (this temperature 
can rise at more than 0.5°C per minute), and uneven 
(a difference of up to 17°C was observed between the 
intramyocardial temperature of the anterior and 
posterior left ventricular sites). The area supplied by 
the stenotic coronary artery was least protected. 
Monitoring of intramyocardial temperature enables 
one to know when supplementary cooling is indi- 
cated. We conclude that widespread differences in 
this temperature during cardiac operation make 
monitoring advisable for optimal myocardial pro- 
tection. 


The rapid infusion of cold cardioplegic solution 
into the root of the aorta is currently popular for 
myocardial protection during cardiac opera- 
tions because of its simplicity and apparent 
success in the majority of patients [10, 15, 16, 
20]. Although the optimal composition of the 
cardioplegic solution is still evolving, myocar- 
dial hypothermia with its associated reduction 
in the metabolic requirements undoubtedly 
plays a major role in this modality of myocar- 
dial protection [2, 13]. It has been thought that 
core hypothermia leads to generally homogene- 
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ous cooling of the myocardium. The purpose of 
this study is to examine the validity of such an 
assumption, particularly for patients with se- 
vere stenosis of the coronary arteries since the 
myocardial segment supplied by the stenotic 
artery can suffer damage before the establish- 
ment of bypass flow [8, 12, 14] and contribute to 
the high incidence of perioperative myocardial 
infarction observed in such patients [6]. 


Materials and Methods 

Fifty adult patients undergoing coronary artery 
bypass grafts (CABG) or valve replacements 
were studied. Following the establishment of 
normothermic cardiopulmonary bypass, needle 
thermistor probes (Yellow Springs Instruments 
electronic telethermometer), calibrated previ- 
ously against a mercury thermometer, were in- 
serted into the middle of the myocardial mass, 
one anteriorly just to the left of the left anterior 
descending coronary artery and the other poste- 
riorly to the left of the posterior descending 
coronary artery branches. A 14 gauge needle 
was inserted into the root of the aorta, and 
immediately following cross-clamping of the 
aorta, 500 to 900 ml (7.8 + 2.4 ml per kilogram of 
body weight) of cold (4° to 8°C) cardioplegic 
solution was infused under hydrostatic pres- 
sure of up to 200 mm Hg in the infusion bag 
containing the solution. The composition of the 
cardioplegic solution used in this study is as 
follows: Normosol-R (containing 0.69 mmole/L 
of Mg** and 7 mEq/L of K*), 1,000 ml; potas- 
sium chloride, 20 mEq; sodium bicarbonate, 25 
mEq; lidocaine, 0.5 gm; and dextrose, 17 gm. 
The pH was 7.4 and osmolarity, 383 mOsm per 
liter. The infusion was completed within 1 to 2 
minutes, and the intramyocardial temperature 
readings from the anterior and posterior aspects 
of the left ventricle were taken. Intramyocardial 
temperature was monitored throughout the 
procedure or as often as possible, and addi- 
tional infusions of hypothermic cardioplegic 
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solution through the aortic root were repeated 
as required to keep the temperature at less than 
20C: 

Various other measures were employed to 
prevent rewarming. One was additional surface 
cooling using cold Ringer's solution dripped 
onto the surface of the heart, which was then 
sucked away from the pericardial well and dis- 
carded. Another was to place a` gauze soaked 
with ice-cold Ringer's solution behind the left 
ventricle to prevent warming of the heart by the 
adjacent descending aorta. During the anas- 
tomoses of the circumflex arteries, each heart 
had to be lifted up and a cold sponge was 
placed between the heart and the surgeon’s 
hand, also to prevent rewarming. Further, mod- 
erate systemic hypothermia (30°C) was induced 
using the heat exchanger of the extracorporeal 
circulation. ! 

In the CABG operations, the anastomoses 
between the grafts and the coronary arteries 
were performed first, and the hypothermia was 
discontinued with release of the aortic cross- 
clamp before the anastomoses of the grafts to 
the aorta. The following factors were observed 
at the time of rewarming: the rapidity of the 
return of spontaneous cardiac rhythms follow- 
ing the release of the aortic cross-clamp; the in- 
cidence of ventricular fibrillation and the need 
for electric countershock for defibrillation; and 
the myocardial performance as judged by the 
requirements for inotropic (dopamine or iso- 
proterenol) or mechanical support during the 
period immediately after bypass. 

On completion of the operative procedures, 
the patients were transferred to the intensive 
care unit, and electrocardiograms were made 
and blood samples for CPK-MB isoenzyme de- 
terminations were taken within four hours of 
operation, and then repeated daily while the 
patients were in intensive care. The hemody- 
namic stability in the perioperative period 
was noted particularly with reference to the 
need for inotropic and mechanical supports, as 
well as electrocardiographic and enzymatic evi- 
dence of perioperative myocardial infarction. 


Results 
The intramyocardial temperature before cooling 
‘approximated that of the temperature moni- 


tored "within the esophagus and ranged from 
34° to 36"C. Upon the rapid infusion of the cold 
cardioplegic solution through the aortic root, 
flaccid cardiac arrest ensued within 1 to 3 min- 
utes ir all patients, without intervening ven- 
tricula- fibrillation. The intramyocardial tem- 
perature generally fell below 25°C during this 
period but considerable variations occurred 
ameng individual patients, ranging from a low 
of 6.5°C to as high as 33°C, even though similar 
techniques of core cooling had been employed. 
Monitoring of intramyocardial temperature al- 
lowed zs to detect those patients whose hearts 
did not cool adequately so that additional in- 
fusion of cold cardioplegic solution or sup- 
plemertation of surface cooling could be 
commenced. A pattern of intramyocardial tem- 
perature gradient within the same heart was 
also de-ected in these patients. The posterior left 
ventricalar segment tended to be warmer than 
the anterolateral segment of the left ventricular 
myocardial mass in patients who were under- 
going cardiac valve replacement and had nor- 
mal coronary arteries (p < 0.01, paired t test) 
(Fig 1). In patients who had multiple stenoses of 
the coronary arteries, with impaired coronary 
blood tlow both to the anterior and posterior 
aspects of the left ventricle, the intramyocardial 
temperature gradient observed was not statisti- 
cally siznificant (p > 0.1, paired f test) (see Fig 
1) In zontrast, patients with isolated, high- 
degree occlusion of the left anterior descending 
coronary artery often exhibited a higher tem- 
perature in the anterior myocardium than in the 
posterior segment (p < 0.02, paired t test) (Fig 
2). The temperature gradient within the same 
heart ranged from 0 to 17°C. 

After the initial cooling of the myocardium, 
spontaneous rewarming took place unless 
measures were taken to keep the temperature 
down. With normothermic cardiopulmonary 
bypass the intramyocardial temperature can 
rise more than 0.5°C per minute. This trend 
could be delayed by moderate systemic hypo- 
thermia, and reversed by repeat core cooling, 
surface cooling, and the interposition of cold 
sponges, as detailed earlier. 

The mean aortic cross-clamp time in this se- 
ries of 2atients was 59 + 3 minutes (+ standard 
error cf the mean). After the aorta was un- 
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Fig 1. Intramyocardial temperature (IMT) obtained after 
infusion of the hypothermic cardioplegic solution into 
the aortic root. Note the wide range of temperature. 

(A) In patients undergoing valve replacement, the poste- 
rior left ventricular (LV) segment is warmer (p < 0.01, 
paired t test), while (B) in those having multiple zoro- 
nary artery bypass grafts (CABG), no consistent gra- 
dient is noted (p > 0.1, paired t test). 


“> <> 
Anterior Posterior 
LV LV 


Fig 2. Intramyocardial temperature (IMT) obtainzd 
upon completion of infusion of the hypothermic car- 
dioplegic solution into the aortic root of patients with a 
single high-grade lesion of the left anterior descending 
coronary artery. The anterior wall is warmer (p < 0.02, 
paired t test). (LV = left ventricle.) 


clamped, the intramyocardial temperature rose 
rapidly and approached the systemic tempera- 
ture in 3 to 4 minutes. In the majority of pa- 
tients (43 out of 50), spontaneous regular car- 
diac rhythms returned within 5 minutes. In 5 
patients (10%) ventricular fibrillation devel- 
oped during rewarming, and direct current, 
electric countershocks were required for defi- 
brillation. Four patients (8%) required inotropic 
agents, either dopamine or isoproterenol, al- 
though Ca** often was administered routinely 
while the patient was removed from pump 
support. One of these patients also needed 
intraaortic balloon counterpulsation. One peri- 
operative myocardial infarction as determined 
by the appearance of a new Q wave on the 
ECG and by elevated CPK-MB determina- 
tions was thought to be related to poor blood 
flow through the CABG grafts (less than 20 ml 
per minute). In 2 other patients, elevated 
CPK-MB determinations without a new Q wave 
were noted; 1 of them was suspected to have 
had graft air embolism. We found, incidentally, 
that the myocardium-specific CPK-MB isoen- 
zyme levels were significantly (p « 0.05, Stu- 
dent's t test) higher in patients having valve re- 
placement, even though these patients had 
uneventful operative and postoperative courses 
and the ECGs showed no changes suggestive of 
myocardial infarction. There was no correlation 
between the length of aortic cross-clamping and 
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Fig 3. The duration of aortic cross-clamp is not corre- 
lated with the peak postoperative CPK-MB level both 
in patients having valve replacement (r — 0.22) and 
those having coronary artery bypass grafting (CABG) 

‘(r= 0). As a group, the former patients have a higher 
(p « 0.05, Student's t test) CPK-MB level than the 
latter. 


the level of peak CPK-MB isoenzyme in the 
blood, both in the group having valve replace- 
ment (15 patients; r — 0.22) and that undergo- 
ing CABG (35 patients; r = 0) (Fig 3). 


Comment 

Hypothermic cardioplegia has gained wide ac- 
ceptance in recent years because it achieves the 
three following objectives: (1) It decreases the 
metabolic demand of the myocardium and pro- 
longs the safety period for myocardial ischemia 
[3, 4, 7]. According to Maloney and Nelson 
[13], the ischemia period the myocardium 
can withstand depends on the degree of hypo- 
thermia achieved. (2) It avoids ventricular 
fibrillation, which causes maldistribution of 
coronary blood flow, damaging the vulnerable 
subendocardial layer, particularly in hyper- 
trophic ventricles [3]. (3) It provides a flaccid, 
quiet heart, which facilitates delicate operative 
procedures. 

The surface cooling of the heart popularized 
by Shumway's group [9] is technically simple 
but may not afford optimal cooling of the sub- 
endocardium because of the transmural tem- 
perature gradient [19]. With this technique, 
cold injuries of the epicardium and phrenic 
nerve have been reported [17]. Core cooling, in 
addition to being effective in achieving more 
homogeneous myocardial hypothermia, has the 


advantage of being able to deliver specific in- 
gredierts in the cardioplegic solution to the 
myocardial tissue, including essential ions 
(potass.um, calcium, and magnesium), mem- 
brane stabilizers (lidocaine and corticoste- 
roids), and metabolic substrates (glucose and 
insulin! with the desired pH and osmolarity. 
Behrendt and Jochim [1] showed that these con- 
stituents of the cardioplegic solutions have 
unique myocardial protective effects, although 
optima. composition remains to be determined. 
The relative importance of chemical compo- 
nents of the cardioplegic solution and its tem- 
peratur2 remains controversial, but the collec- 
tive review of clinical and experimental data by 
Malcney and Nelson [13] appears to demon- 
strate the central role of hypothermia in myo- 
cardial protection. Our findings indicate that, 
even w.th core cooling, it cannot be assumed 
that uniformly effective hypothermia can be 
achieved in every patient. Indeed, direct 
monitoring of the intramyocardial temperature 
showed. that this technique is unpredictable 
(the irtramyocardial temperature achieved 
ranged ‘rom 7° to 33°C), unstable (this temper- 
ature can rise more than 0.5°C per minute), and 
uneven (up to 17°C difference in intramyocar- 
dial temperature was observed in the same 
heart). Close monitoring of intramyocardial 
tempereture allows one to detect such variabil- 
ity and take appropriate remedial actions in 
order to minimize myocardial damage [11]. 
The variability in the initial intramyocardial 
temperature achieved with this mode of infu- 
sion appears to be related to the fact that the 
aortic velve can be incompetent while the aorta 
is cross-clamped and the heart is in standstill. 
The cardioplegic solution can be lost through 
left ventricular sump, or, in the absence of left 
ventricular venting, can be drained out through 
the pulmonary vasculature and the right heart 
into the caval cannulae. Manual compression of 
the left ventricle during the infusion of the car- 
dioplegi- solution, particularly in patients with 
aortic insufficiency, and simultaneous core and 


` intracav-tary cooling are among the techniques 


suggested to counter this situation. As men- 
tioned earlier, we used high perfusion pressure 
as reported by Haraphongse and co-workers 
[10] and saw no ill effect, although others have 
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recommended low perfusion pressures of 20 to 
30 mm Hg. We believe that the initial high per- 
fusion pressure not only assures closure cf the 
aortic valve during infusion and limits the -eak- 
age of cardioplegic solution to the left ventricu- 
lar cavity, but it also ensures the rapid cessation 
of heartbeats, thus avoiding the depletion of 
the high-energy phosphate reserve of the myo- 
cardium. Potassium cardioplegia plays an es- 
sentially similar role, as was emphasized by 
Craver and colleagues [5]. Finally, continous 
slow drip of cold cardioplegic solution at lower 
perfusion pressure either into the aortic rcot or 
retrograde into the coronary sinus may prevent 
premature rewarming and also deliver meta- 
bolic substrates required to maintain the myo- 
cardial viability. 

The intramyocardial temperature gracient 
described in this study is concerned with re- 
gional differences rather than the transmural 
gradient. Such a transmural gradient may exist, 
even though it is assumed to be less with core 
cooling than with surface cooling. New needle 
thermistor probes are being developed to facil- 
itate more accurate positioning of the p-obe 
into the desired depth of myocardium and to 
be less cumbersome in the operative field. 
However, even with the currently available 
needle thermistors, we are able to monitcr all 
routine cases with ease, particularly during the 
active cooling. In many patients (see Figs 1, 2), 
the intramyocardial temperature remained 
above 25°C at the end of the infusion of the 
cardioplegic solution. In these patients, more 
solution was administered to assure a hzpo- 
thermia of at least 25°C. Subsequent monitor- 
ing is either continuous or as often as tech- 
nically possible, and in the great majority of 
patients, supplemental cooling as descr. bed 
earlier is required to maintain adequate myo- 
cardial hypothermia. 

The diagnostic criteria for perioperative in- 
farction is not yet well established, but ECG 
and CPK-MB isoenzyme determination ap ear 
to be most useful, as was pointed out by 
spencer [18]. In a detailed kinetic stud» of 
CPK-MB release in patients after CABG, Delva 
and colleagues [6] found the peak CPK-MB level 
in the blood three hours after operation. A sus- 
tained elevation of this isoenzyme is usually 


accompanied by ECG changes of myocardial 
infarction, but enzyme elevation without asso- 
ciated electrophysiological changes is not un- 
common in postoperative patients. Our finding 
that patients undergoing valve replacement had 
a higher CPK-MB level as a group compared 
with patients having CABG supports the thesis 
that the release of this myocardium-specific 
isoenzyme does not differentiate perioperative 
coronary infarcts from myocardial tissue injury 
sustained during the operative procedure. That 
the CPK-MB level did not correlate with the 
length of aortic cross-clamping suggests that 
the myocardium was adequately protected 
during this period. 

We conclude that the monitoring of intra- 
myocardial temperature is technically simple 


_and offers an additional measure of safety in 


the performance of cardiac operations under 
hypothermic cardioplegia. 
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Discussion 

DR. THOMAS Z. LAJOS (Buffalo, NY): Dr. Chiu’s paper 
pointed out the importance of hypothermia, a very 
impor-ant requirement of cardioplegia. What we try 
to achieve is total cardiac hypothermia, and the goal 
is to keep the temperature at less than 20°C. 

We utilize intermittent injection of cardioplegic 
soluticn into the aortic root following aortic cross- 
clamping and the completion of each distal anas- 
tomosts. Despite topical cooling and ice-cold slush in’ 
the cardioplegic bottle as Dr. Chiu has pointed out, 
the temperature of the heart rapidly warms up. In 
some patients, we have to inject more than the usual 
200 tc 300 ml of solution after each peripheral 
anastomosis to try to keep the myocardial temper- 
ature below 20°C. In a patient receiving five to six 
grafts, we often exceed the injection of 1,000 to 1,500 
ml of ice slush cardioplegic solution. 

A. possible explanation for the increased require- 
ments of hypothermic cardioplegic solution is the 
fact that the cardioplegic solution is mixing with the 
bronchial flow in the root of the aorta, which enters 
the isclated heart-lung preparation during the by- 
pass. f the patient has chronic obstructive lung 
disease or congenital heart disease or if the patient is 
undergoing reoperation with high bronchial flow 
(broncaial flow temperature is the same as the pump 
blood, 30*C), the dilution is higher and the tempera- 
ture gces up faster. Therefore, more cardioplegic cold 
solution might be necessary. 

In previous work, we found that CPK-MB isoen- 
zymes can be detected from the coronary sinus blood 
much earlier and when they are still undetectable in 
the pump blood. That only shows our inability to 
detect a small amount of these isoenzymes in the 
pump circuit although myocardial damage has al- 
ready occurred. The total absence of CPK-MB isoen- 
zymes in the coronary sinus blood during and after 
bypass should be our ultimate goal. 


DR. CHIU: I just wish to respond briefly to the ques- 
tion of the CPK-MB determination. I agree that the 
CPK-N-B level determined from a single sample taken 
from the pump is not adequate. The data presented 
in this study are the peak CPK-MB levels from sam- 
ples taxen serially. 
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ABSTRACT To determine the contribution of com- 
plete cardioplegia to the preservation of left ven- 
tricular (LV) function, we put ultrasonic transducers 
in the anterior and posterior walls of the left ;entri- 
cle in 18 dog hearts. The dogs were subjected to 
global ischemia for 60 minutes at 28°C, and the speed 
of segment shortening (dl/dt) and percent of systolic 
shortening of the two wall regions before and after 
ischemic manipulations were measured. When car- 
dioplegic perfusion was uniform, there was no sig- 
nificant difference between the anterior and poste- 
rior walls in any of the variables measured, and 
global LV function (stroke work) was we] pre- 
served. However, when the left anterior descending 
coronary artery was occluded during cardioplegic in- 
fusion, there was significant dysfunction after reper- 
fusion of the anterior wall: without perfusicn, the 
anterior segments recovered only 41% (5.9/14 3 mm/ 
sec) of preischemic dl/dt, while the perfused anterior 
segments retained 78% (11.4/14.6 mm/sec) of control 
dl/dt (p < 0.05). The experimental anterior regions 
regained only 36% of preischemic systolic shorten- 
ing, while the anterior segments in the hcmoge- 
neously perfused hearts were indistinguishabbhe from 
internal controls (p < 0.01). 

Regionally inadequate cardioplegic pro:ection 
during coronary artery bypass graft operation may 
contribute to perioperative infarction and L7 dys- 
function, and appropriate timing of anastomoses to 
ensure early cardioplegic perfusion of all ischemic 
myocardium is important. 


Cardioplegia has been identified as an efsective 
adjunct in the preservation of myocard:al ar- 
chitecture [4, 10, 11], metabolic activity [-1, 18] 
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and mechanical function [35, 38] when these 
variables are examined after a period of elective 
ischemia. Early enthusiasm for hypertonic 
potassium cardioplegia [23, 27] was moderated . 
by the recognized late complications of myo- 
cardial fibrosis [39, 41], but recent laboratory 
investigations have reestablished the physio- 
logical propriety of chemically induced cardiac 
arrest [11, 19, 22, 35, 38]. A large volume of 
satisfactory clinical experience has been ac- 
cumulated using isosmotic potassium and other 
cardioplegic agents in the surgical treatment of 
congenital and acquired heart disease [4, 5, 8, 
20, 28]. 

To date, laboratory experience has involved 
hearts with normal coronary arteries and ven- 
tricular muscle. Mundth and co-workers [29] 
and Ellis and associates [7] demonstrated that 
potassium cardioplegia can effectively preserve 
the mechanical function of hypertrophied 
hearts following prolonged periods of elective 
cardiac arrest, a model similar to that seen in 
aortic valve disease, the setting for most of 
the early clinical experience with cardioplegic 
agents. The measurable improvement in the re- 
sults of valve operations led to a broadening of 
cardioplegic application to the coronary artery 
bypass graft (CABG) procedure, and cardio- 
plegia has been associated with a reported re- 
duction in the rate of perioperative myocardial 
infarction and an improvement in survival, 
postoperative function, and metabolic integrity 
following induced arrest [5, 28, 42]. 

Clinical experience with grossly visibly dis- 
parate effects (and ineffectiveness) of cardio- 
plegia on ischemic ventricular activity in CABG 
procedures and the recurrent question con- 
cerning the most appropriate order of per- 
forming anastomoses during CABG operations 
have prompted us to investigate the effects of 
the unequal distribution of cold potassium car- 
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dioplegic solution on the preservation of global 
and segmental ventricular function in labora- 
tory animals with temporary obstruction of the 
left anterior descending coronary artery (LAD). 


Material and Methods 

Twenty-six mongrel dogs weighing between 15 
and 25 kg were studied. The animals were 
anesthetized with sodium pentobarbital (30 mg 
per kilogram of body weight), and ventilation 
with room air was supplied with a cuffed en- 
dotracheal tube attached to a Harvard volume 
ventilator. Anesthesia was maintained with 
sodium pentobarbital and gallamine triethi- 
odide. A midline sternotomy was performed, 
and cannulation of the left subclavian artery, 
both venae cavae, and the left atrium was car- 
ried out to allow a modified right heart by- 
pass circuit following occlusion of the main 
pulmonary artery with a tape [30]. The right 
ventricle was vented and the drainage cali- 
brated as a measure of coronary artery flow, 
following ligation of the azygos vein. The 
sinoatrial node was crushed, and pacing at 
150 to 160 beats per minute was instituted. A 
miniature pressure transducer* was inserted 
through the apex into the left ventricle for the 
measurement of left ventricular (LV) pressure 
and the first derivative of LV pressure (dP/dt). 
Fluid-filled polyethylene catheters were in- 
serted into the aorta, left atrium, and inferior 
vena cava for pressure monitoring. Tapes were 
placed about each pulmonary hilum to exclude 
bronchial flow from the left atrium. A therm- 
istor-tipped needle was put in the ante- 
rior interventricular septum and posterior LV 
wall to continuously measure myocardial tem- 
perature (Fig 1). 

To assess the segmental motion of the LV free 
wall in 18 dogs, pairs of 3-MHz piezoelectric 
crystals, 3 mm in diameter, were placed 3 mm 
below the epicardial surface of (1) the anterior 
left ventricle in the distribution of the LAD and 
(2) the posterior LV wall. The crystals are 
oriented parallel to the major direction of the 
ventricular fibers, each 13 to 17 mm from its 
pair partner, and aligned by determining the 


*Konigsberg P22, Konigsberg Instruments Inc., Pasadena, 
CA. 
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Fig 1. Right heart-pulmonary bypass circuit. Blood is 
returaed to the left atrium (LA) from the calibrated 
pump kead in increments of 400 ml per minute to obtain 
the Sarnoff left ventricular (LV) function curve. (LV 
DP/DT = first derivative of left ventricular pressure; 
SA — siroatrial.) 


maximum transmission of the acoustic im- 
pulses [15, 37, 40]. One member of each pair is 
excited by a 3-MHz electrical signal, which is 
converted by the crystal to a 3-MHz sound 
wave. Ihe sound wave travels through the 
myocardium at sonic velocity to the opposing 
crystal .n a period of time proportional to the 
distance between the crystals. A voltage pro- 
portional to the ultrasonic pulse transit time is 
recorded, and this pulse is repeated at regu- 
lar 1-kHz intervals to provide a continual 
measure of the dimensions of the myocardial 
segmer between the paired crystals. The signal 
is fed from the sonomicrometer to a Hewlett- 
Packarc 7758B multichannel recorder. End- 
diastoliz and end-systolic lengths are identified 
on the recorder and measured by calibration of 
the recorder with signals of known time dura- 
tion frcm a calibrated crystal-controlled pulse 
generator. The velocity of shortening (dl/dt) was 
obtained for each myocardial segment by using 
a resistance-capacitance differentiating circuit 
calibrated with a triangular wave signal of 
known slope. 

Cardiopulmonary bypass was instituted 
utilizing a bubble oxygenator and reversible 
calibrated DeBakey roller pumps, with a prime 
of homologous blood and Ringer's lactate to 
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Fig 2. Left ventricular stroke-work (SW) function i+ the 
control period and after 30 minutes of reperfusion r« 
hearts in Group I in which the left anterior descenaing 
coronary artery (LAD) was open and in Group II ir 
which the LAD was ligated. (LVFP = left ventricuear 
filling pressure.) 


maintain the hematocrit at 20 to 25%. The bul- 
monary artery and lung hila were occluded. 
Normal acid-base balance was preserved by 
frequent monitoring of arterial blood gases and 
correction when necessary. Mean arterial pres- 
sure was maintained at 90 + 5 mm Hg, and a 
Sarnoff LV function curve [34] was obtained by 
increasing the flow through the left atrial retzrn 
line in increments of 400 ml. The afterload 
(mean aortic pressure) was maintained constant 
either by constricting the descending thoracic 
aorta if the pressure tended to fall below 90 mm 
Hg or by reversing the: aortic infusion pump 
when the pressure rose above that level. Mea- 
surement of left atrial pressure and calculation 
of stroke volume provided a control LV function 
curve at 37°C (Fig 2). Myocardial segment 
lengths were obtained at each level of prelozd 
(left atrial return) and changes in diastolic and 
systolic lengths and dl/dt were recorded. After 
the control functions were recorded, the perfa- 
sate was cooled and, when the core temperatu-e 
reached 28°C, the aorta was cross-clamped ard 
the aortic root perfused with 120 ml of a coid 
(4°C) potassium-containing cardioplegic solu- 
tion to completely arrest the perfused myoca-- 
dium.* 


"The cardioplegic solution contained the following: glucose, 
200 mg per 100 ml; sodium 120 mEq per liter; potassium, 25 
mEq per liter. Osmolarity was 280 and the pH, 7.8. 
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Fig 3. (A) Distribution of cold potassium cardioplegic 
solution (CPC) to the left ventricular (LV) subendocar- 
dium in Group I hearts with free flow in the left anterior 
descending coronary artery (LAD). Numbers in each 
box represent milliliters of cardioplegic solution per 
gram of myocardium. The heavy line in the center of 
the erid represents the LAD. The posterior septum and 
free wall are at the lateral extremes of the diagram. The 
distribution of solution is fairly uniform. (B) Distribu- 
Hon of cardioplegic solution in hearts in Group II. There 
is marked diminution of perfusion in the anterior apical 
segments of the LV myocardium and relatively increased 
perfusion of the non-LAD areas of the left ventricle. 


In 9 of the dogs, the proximal LAD was 
snared immediately prior to infusion of the car- 
dioplegic solution to prevent perfusion of the 
LAD area of the left ventricle. Radioactive mi- 
crospheres, 10 mm in diameter and labelled with 
strontium 85, were added to the cardioplegic 
solution in known concentrations before infu- 
sion into the aortic root. The entire heart was 
divided into 1 to 2 gm segments at the end of 
each study and these were counted in a well 
scintillation counter. A distribution map of the 
solution flow was thereby obtained (Fig 3). The 
temperatures of the anterior interventricular 
septum and posterior left ventricle were moni- 
tored, as were the anterior and posterior elec- 
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trograms using the previously implanted pi- 
ezoelectric crystals. 

After one hour of myocardial ischemia, the 
perfusate was warmed, the LAD ligature was 
released, the cross-clamp was removed, and the 
heart was defibrillated, if necessary. Following 
30 and 60 minutes of reperfusion, Sarnoff LV 
function curves were obtained again. 

A group of 8 dogs was treated in an 
identical fashion except that no sonomicrome- 
ter crystals were placed. From these dogs, large, 
serial, core biopsies were obtained from the 
anterior (LAD area) and posterior myocardial 
regions immediately before and 59 minutes 
after application of the aortic cross-clamp, and 
30 and 60 minutes after removal of the cross- 
clamp. The biopsies were immediately quick 
frozen in liquid nitrogen and assayed for 
adenosine triphosphate (ATP) by the technique 
of Denneman [6]. 


Results 

The distribution of cold potassium cardioplegic 
solution was fairly uniform in the 9 dogs in 
Group I (without LAD ligatures). In the 9 ani- 
mals in Group II (LAD ligature placed prior to 
perfusion), however, the LAD area was mark- 
edly underperfused with the cardioplegic solu- 
tion (see Fig 3). 

Thermistor monitoring of the anterior septal 
temperature showed a marked difference be- 
tween the level of hypothermia obtained when 
the LAD area was perfused with the cardio- 
plegic solution (Group I) and when the LAD was 
snared (Group II), thereby precluding notable 
perfusion of the LAD area by the cold solution. 
The average minimum anterior septal temper- 
ature with normal perfusion was 20.5°C in 
Group I, while in Group H the anterior septal 
temperature did not fall below 28°C (Fig 4). 

Electrocardiogram monitoring of the anterior 
and posterior LV walls revealed immediate ces- 
sation of electrical activity in all areas perfused 
with the cold potassium cardioplegic solution, 
while the anterior LAD area of the hearts in 
Group II dogs fibrillated for as long as, 13 min- 
utes. 


Overall LV Function 
Hearts with perfusion of the entire myocardium 


with the cardioplegic solution (Group I) had 
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Fig 4. Fattern of ventricular myocardial cooling in 
hearts m Group II dogs. There is rapid cooling of the 
posterier (P) left ventricular wall while the anterior (A) 
septal temperature achieves a less marked degree of 
hypothermia distal to the snare of the left anterior de- 
scendirg coronary artery. The anterior segment warms 
to a normothermic level sooner than the posterior seg- 
ment. 
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Fig 5, Percentage reduction in the number of hearts able 
to tclerate increasing preload (left atrial [LA] infusion) 
in te control period and in Groups I and II. 


gocd preservation of LV function when mea- 
sured after 30 minutes of reperfusion and com- 
pared with internally controlled, preischemic 
furction (see Fig 2). There was marked reduc- 
tion in LV performance in those animals with- 
oui total cardioplegic protection of the anterior 
well, as measured both by absolute levels of LV 
stroke work at different LV filling pressures and 
by the number of dogs able to tolerate increas- 
inz preload provided by the left atrial return 
line (Fig 5). The LV filling pressure rose signifi- 
cantly more with identical preload in Group II 
(paired t test, p < 0.05). These changes were 
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Fig 6. Left ventricular stroke-work (SW) function in the 
control (preischemic) period and following 60 minuies of 
reperfusion in hearts in Group I and Group II. (1 = 
standard error of the mean; LVFP = left ventricular 
filling pressure.) 


less obvious following 60 minutes of reperfu- 
sion (Fig 6). 


Segmental Wall Motion 

Regional myocardial movement in the anterior 
LV wall was similar in the two groups in the 
preischemic (control) period. The increase in 
segment diastolic length, percent of systolic 
shortening, and systolic dl/dt increased in a 
parallel fashion (Fig 7) and were similar to 
changes in LV dP/dt in response to increasing 
preload (Fig 8). 

There were significant differences in regional 
wall motion between the anterior LV segment 
of Groups I and II following 60 minutes of isch- 
emia. The anterior segments in Group I, with 
uniformly perfused ventricles, demonstrated a 
more normal mean dynamic response to in- 
creased preload than those segments not ade- 
quately protected by infusion of cardioplegic 
solution. Diastolic segment expansion was 
more marked in the postischemic period in the 
hearts in Group II than in the perfused hearts; 
systolic shortening was depressed 6496 in the 
Group II hearts compared with 14% in Group I 
(paired t test, p < 0.001) (Fig 9). There was pres- 
ervation of 7896 of control anterior segment ve- 
locity in the perfused hearts, a significant dif- 
ference compared with a 4196 salvage in Group 
II (Fig 10). 

In concert with these observed mechanical 
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Fig 7. (A) Change in systolic movement (96 systolic 
shortening) in control hearts with increasing preload 
(left atrial flow). The change is obtained by dividing the 
end-diastolic segment length minus the end-systolic 
segment length by the end-diastolic segment length. (B) 
Change in velocity of systolic shortening (dl/dt) in con- 
trol hearts with increasing preload. (SE — standard 
error; LVFP = left ventricular filling pressure.) 


and dynamic proofs of poorly preserved re- 
gional and global ventricular function, the 


. levels of ATP were noted to drop significantly 


in the anterior segments of hearts in Group II 
dogs compared with the anterior segments in 
Group I dogs and all posterior segments (Fig 
11). Concentration of ATP in the anterior 
samples in Group II fell 3496 to 6.4 ug per gram 
compared with excellent maintenance of levels 
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Fig 8. Changes in first derivative of left ventricular 
pressure (dp/dt) with increasing preload in the control 
period and in hearts in Groups I and H 30 minutes fol- 
lowing the ischemic period. (LVFP = left ventricular 
filling pressure.) 
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Fig 9. Preservation of anterior systolic movement (96 
systolic shortening) in Group I and Group II compared 
witk the control period, measured after 30 minutes of 
reperfusion. (SE — standard error.) 
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Fig 19. Preservation of velocity of anterior regional 

systoli- shortening in (9o DLIDT) in Groups I and II 
compaved with the control period, measured after 30 
minutes of reperfusion. (SE = standard error.) 
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Fig 11. Change in myocardial concentration of 
adenosine triphosphate ([ATP]) in the anterior (left an- 
ter.or descending coronary artery) region of the left 
vertricle before and 30 and 60 minutes after application 
of an aortic clamp and following 60 minutes of reperfu- 
sion. (SE = standard error.) 
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(91%) in the other areas tested. The lowest isch- 
emic myocardial concentration of ATP mea- 
sured in the anterior segments in Group I dogs 
was 8.78 ug per gram following 30 minutes of 
ischemia. This fell to 7.6 ug per gram after 60 
minutes. 


Comment 

The increasingly excellent clinical results of the 
CABG procedure make comparing the results of 
different methods of myocardial protection very 
difficult. Radionuclide scanning in the post- 
operative period has helped make detection of 
postoperative infarction more comparable and 
exact [31], but many differences among the 
levels of.LV preservation afforded by different 
methods of myocardial protection may not be 
detectable by the gross end point of cellular ne- 
crosis. Several investigators have attempted to 
further define the advantages of a technique by 
measuring chemical markers of myocardial ne- 
crosis and by serially determining LV perfor- 
mance curves and changes in contractility and 
compliance [13, 21, 26]. Most surgeons have 
found that deleterious changes in the sophisti- 
cated variables measured can be reduced or ob- 
viated by the use of a cardioplegic solution [42]. 
Usually the best results have been obtained 
with the use of intermittent cold coronary car- 
dioplegic perfusion [22]. Yet perioperative in- 
farcts still occur in 4 to 1096 of patients under- 
going CABG procedures [3]; most of these are 
hemodynamically innocuous, implying either a 
small volume of necrotic muscle or excellent 
function in the residual, well-vascularized myo- 
cardium. 

Most perioperative infarctions occur in the 
distribution of bypassed diseased coronary ar- 
teries and frequently are found in the presence 
of patent coronary bypass grafts demonstrated 
angiographically. This implies either that re- 
perfusion, per se, of a chronically ischemic area 
of the left ventricle can lead to an infarction or 
that the infarction occurred because of poor 
myocardial protection during construction of 
the "successful" bypass graft to the involved 
area. and that the patency of the vein graft is 
moot. The second alternative appears the more 
likely. 

Measurement of regional functional and met- 


abolic integrity to identify the implications of 
perioperative infarction is difficult [33]. The use 
of echocardiography to measure segment ve- 
locity has proved unreliable [25]. Postoperative 
angiocardiography has been utilized in the late 
postoperative period, but has been imprecise 
because of difficulties with standardization and 
the inability to quantitate small areas of 
asynergy. Areas of infarction have been unde- 
tected on biplane angiocardiography [2, 14, 24]. 
Nuclear methods have the advantage of early 
postoperative utilization but are not universally 
available or applicable and may not be quan- 
titatively precise [31]. Intramyocardial radi- 
opaque markers have been used for serial mea- 
surements of LV function after cardiac 
transplantation [17], but their use also requires 
cumbersome and sophisticated angiography 
and data-processing equipment. 

Real-time monitoring of myocardial segment 
motion is possible with the sonar techniques 
introduced by Rushmer and colleagues [32] in 
1956 and furthered by Franklin and co-workers 
[9]. They have been used in a large number of 
animal models to quantify changes in segmen- 
tal and global ventricular function wrought by 
ischemia and cardioeffective medications [9, 15, 
36, 37, 40], and have been shown to be a more 
sensitive indicator of ventricular ischemia than 
epicardial S-T segment elevation but perhaps 
less effective than endocardial ECG alterations 
[36]. A well-defined normal segmental motion 
profile has been identified and the changes as- 
sociated with regional ischemia fully described 
[15, 37, 40]. The most common deviations from 
normal in an ischemic myocardial segment are 
increased diastolic length, decreased maximum 
velocity of segment shortening or dl/dt, de- 
creased systolic shortening or percent of short- 
ening, and decreased segment work [40]. These 
changes have persisted throughout the isch- 
emic period but have been reversible in ani- 
mal models in which the occluding tie has been 
removed from the coronary artery supplying 
the ischemic segment in the beating, working 
heart. Clinical studies by Hagl [12], Hill [16], 
and their associates have shown a marked im- 
provement in regional ventricular function with 
CABG flow compared with prebypass function 
and function measured after short-term occlu- 
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sion of the graft. All of the previous work on 
identification of alterations of myocardial seg- 
ment function due to ischemia has included 
temporary coronary artery occlusion in the 
beating, working, intact hearts. The sonomi- 
crometer crystals also allow assessment of re- 
gional wall motion at a time distant from the 
myocardial manipulations, as in this model. By 
establishing the normal ranges for systolic 
shortening, systolic dl/dt, and the change in 
end-diastolic segment length with changes in 
preload, in a fashion similar to that used in ob- 
taining a Sarnoff LV function curve, we have 
" been able to compare LV regional performances 
following many of the manipulations fre- 
quently used in clinical cardiac operations. 
There was mild reduction in global LV func- 
tion as measured by LV stroke work and dP/dt 
when measured 30 minutes after a one-hour pe- 
riod of cardiac arrest induced with cold potas- 
sium cardioplegic solution uniformly distrib- 
uted throughout the myocardium. When the 
LAD was occluded prior to perfusion with car- 
dioplegic solution, LV function was greatly de- 
pressed at the same postischemic period. Many 
of the hearts so treated would not tolerate a 
modest increase in preload and acutely dilated 
and failed to eject (see Fig 5). The differences 
were less marked following another 30 minutes 
of reperfusion. When the postischemic regional 
functions of the anterior segment of these two 
groups (one region protected with solution and 
the other not) are compared, there is significant 
persistent depression of regional wall motion in 
the unprotected anterior segment of the hearts 
in Group II while posterior segments and 
functions are equivalent in the two groups of 
animals. This correlated well with a similar 
massive reduction in myocardial ATP levels in 
the anterior segments in hearts in Group H with 
60 minutes of global ischemia compared with 
the perfused areas of the hearts in both groups. 
Changes in systolic shortening are expressed 
as alterations in end-systolic length and dl/dt. 
Theroux and colleagues [37] and Vatner and 
associates [40] as well as others have demon- 
strated that alterations in systolic shortening 
are the most dramatic acute ischemic alterations 
and that late systolic bulging has been consis- 
tently noted acutely following coronary artery 


occlusion. These changes occur very rapidly, 
within zen cardiac cycles following coronary oc- 
clusion We identified decreased amplitude and 
speed of systolic shortening, but were less im- 
pressec by so-called late systolic bulging in the 
postiscaemic segments, even at high left atrial 
flows and LV filling pressures, than by marked 
diminttion of systolic shortening. The anterior 
segments in hearts in Group II dilated severely 
and hed greatly depressed systolic contraction 
(see Fiz 9) at much lower filling pressures than 
did the segments protected by the cardioplegic 
soluticn. These segments performed as did 
the pcsterior segments. This obviously inade- 
quate regional protection has two clinical im- 
plications: (1) A significant, acute, prolonged, 
anoxic insult may be deleteriously superim- 
posed on a chronically ischemic myocardial 
segment by the application of the aortic cross- 
clamp during a CABG operation. This could 
lead either to a myocardial infarction on reper- 
fusion of the ischemic areas by the functioning 
vein zraft or to irreversible ischemic necrosis, 
depending on the duration of anoxic arrest. (2) 
The method of performing the CABG procedure 
may contribute to protection of the chronically 
ischemic myocardium if the areas of "by- 
passed" ischemia are perfused with cold potassi- 
um cardioplegic solution as soon as the vein- 
coronary artery anastomosis is completed. By 
providing cardioplegic protection to each re- 
gion as soon as possible after application of the 
aortic cross-clamp, the extent of ischemic dam- 
age and necrosis may be successfully limited, 
reducing even further the rate of perioperative 
infa-ction. 

A rational strategy that would fulfill this re- 
quirement follows: 


1. Construction of the proximal (aorta-vein) 
enastomoses first 

2. Application of the aortic cross-clamp distal 
to the aorta-vein anastomoses 

3. Infusion of cold potassium cardioplegic so- 
Fution into the aortic root to cause as com- 
»lete a cardioplegic arrest as possible 

4. Serial construction of the distal (vein- 
coronary artery) anastomoses, starting with 
the most jeopardized myocardial segment 
first (largest volume of muscle or most severe 
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coronary artery disease and fewest collater- 
als, which would have diminished the 
amount of cardioplegic solution reaching the 
myocardium) 

5. Perfusion of cardioplegic solution into the 
aortic root and thence down each completed 
CABG after the completion of each distal 
anastomosis 


If a technical protocol involves performing the 
distal anastomoses before the proximal anas- 
'tomoses are constructed, perfusion o: each 
completed vein graft with the cold potassium 
cardioplegic solution through a syringe would 
perform the same function. 

Reliance on collaterals to supply enough car- 
dioplegic solution to arrest and cool the heart is 
potentially dangerous. Although not add-essed 
here, the observations of anterior septa. tem- 
perature show markedly better myocardial 
cooling when the native arterial circulation is 
completely perfused than when the grea-ly di- 
minished flow through collaterals suppliss the 
smaller and inadequate amount of cardioplegic 
solution. Observations by Behrendt and Jachim 
[1] and Kay and co-workers [19] in 1978 demon- 
strate that, although hypothermia provided by 
a coronary perfusion medium has some protec- 
tive effects, these are complementary to, and 
less than, those afforded by potassium. Obvi- 
ously, the ability to deliver a cold cardioolegic 
solution in quantities large enough to quickly 
chemically arrest the electromechanical activity 
of the myocardium and help keep the arrested 
muscle cool will be optimal. Perfusion cf the 
coronary artery bed behind the area of stenosis 
through constructed saphenous vein-coronary 
artery bypass grafts as soon, and as often, as 
possible appears to be the most satisfactory 
method of achieving this. 
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Discussion 

DR. G. FRANK O. TYERS (Galveston, TX): Dr. McEnany 
has presented a nicely executed study of segmental 
subnormothermic ischemic arrest. However, I must 
disagree with some of his interpretations and sug- 
gested zpplications. 

Acute ligation of the left anterior descending coro- 
nary arkery (LAD) rarely simulates a clinical entity. 
One of my recent patients who had an extending 
myocardial infarction represents an apparently 
paralle. clinical situation to the animal model just de- 
scribec Thallium scans in this patient showed an 
anterol=teral defect in tracer uptake, which extended 
four dezs later. Control of ischemic cardiac pain and 
hemodrnamic stabilization were accomplished with 
rapid administration of high doses of propranolol 
and inzertion of an intraaortic balloon. Emergency 
catheterization revealed that the LAD was totally 
occluded and barely was filled through collaterals. 
The ventriculogram showed absent contraction .of 
the wFole anterolateral wall of the left ventricle. 
Emergzncy operation was immediately performed, 
and lac« of contraction of the anterolateral wall of the 
left ve-tricle was confirmed. A small area of central 
coagul=tion necrosis was noted. A needle thermistor 
was pl=ced adjacent to this area and infusion of 10°C 
potassium arrest solution was continued until the 
tempe-ature of the ischemic area was reduced to © 
20°C. Transient placement of the needle thermistor 
in the distribution of the nonoccluded circumflex 
corone-y artery showed cooling to 15°C after the first 
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300 ml of arrest solution had been infused, but it took 
a full 1,600 ml to cool the ischemic area. In contrast to 
the animal model, arrest and cooling to a safe level 
were accomplished in spite of total LAD occlusion. 
Follow-up thallium scans both immediately after 
emergency revascularization and one week later 
showed only a very small apical myocardial cefect 
and the technetium scan, which preoperatively 
showed a markedly positive uptake in the left ven- 
tricular apex, also reverted essentially to normal fol- 
lowing operation. The patient was discharged ten 
days later and remains asymptomatic. 

Intraoperative myocardial temperature recording 
should be used, not to observe defects in cardio- 
plegic distribution, but to assure absence of maldis- 
tribution. Any myocardium that can be kept alive by 
perfusion with viscous blood can certainly be cooled 
and arrested with a crystalloid solution. 

I also question the use of a fixed volume of only 120 
mi per minute. The authors’ temperature recordings 
(just over 20°C) and functional recovery studies (78% 
after 30 minutes of reperfusion) illustrate that 12C ml 
resulted in borderline protection even in the cor:trol 
myocardium. The correct volume for clinical use is 
one that achieves immediate arrest and proved safe 
levels of myocardial hypothermia. We use 10°C in- 
fusate rather than 4°C because the volume of 4°C 
solution sufficient to cool an area with a diseased 
coronary system may excessively cool normally 
vascularized areas. 

The authors state in their manuscript that early ex- 
perience with potassium cardioplegia was primarily 
in patients with aortic stenosis and hypertrophied 
left ventricles. Many initial applications of cardio- 
plegia included a significant number of patients 
undergoing coronary artery bypass, as in my con- 
secutive patient series from 1976 [1]. Functional and 
metabolic protection were excellent, and even pa- 
tients with a preoperative ejection fraction of less 
than 2096 rarely required defibrillation, intraaortic 
balloon counterpulsation, or vasopressors. 

Uniform success with hypothermic potassium car- 
dioplegia in patients with diffuse coronary artery 
disease, massively hypertrophied ventricles, aortic 
insufficiency, or markedly reduced ventricular func- 
tion requires careful control of infusate temperature, 
volume, pressure at both its origin and in the coro- 
nary vascular system, and myocardial temperature. 
We do not have to repeat the errors of lack of pres- 
sure, flow, and temperature control, which were 
common in the early days of sanguineous coronary 
perfusion. As alluded to by Dr. Roe in his discussion 
of the previous paper, hypothermic potassium arrest 
is paid lip service in many centers, but when ob- 
served in the operating room, as little as 50 or 100 m! 
of solution is injected, sometimes with a 50 ml 
syringe. Ás a result, most of an already inadequate 
volume of solution enters the left ventricular cavity 
prior to closure of the aortic valve. Reservoirs, infu- 


sion pump heads, and temperature- and pressure- 
monitoring devices are all part of the standard car- 
diopulmonary bypass console. Now that sanguine- 
ous coronary perfusion is rarely applied, this in- 
strumentation is surplus, and thus available at little 
cost for safe perfusion hypothermic cardioplegic ar- 
rest. 

It is the responsibility of all cardiothoracic sur- 
geons to assure that any lapse in technique is de- 
tected and corrected early, and to utilize quality- 
control studies including postoperative monitoring 
of cardiac output, myocardial specific enzyme re- 
lease, and cardiac scans. With careful control, our 
clinical experience in 2 patients in contrast to the dog 
model reported shows reversal of (rather than exten- 
sion of) ischemia in the distribution of a totally 
occluded LAD treated by aortocoronary bypass. 

I would like to thank the Society for inviting me 
to discuss this subject and Dr. McEnany for the 
privilege of reviewing his manuscript prior to the 
meeting. This study has great value in clearly illus- 
trating the potential risks of the hypothermic perfu- 
sion procedure so that the available methods for 
avoiding these risks can be emphasized for all users. 
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DR. CECIL C. VAUGHN (Phoenix, AZ): The successful 
utilization of cold potassium cardioplegia is limited 
by two factors: the coronary artery disease and the 
lack of uniform distribution of the perfusate through 
the myocardium. The first limiting factor can be 
modified by the sequential performance of grafts to 
ischemic areas in order of severity and importance. 
The second factor was alluded to by Dr. Roe. There 
are widely divergent techniques used in administra- 
tion of cardioplegic solutions. I would like to discuss 
a system that is simple and effective. 

The volume of cardioplegic solution infused is 
calibrated by a spring-loaded gauge. Generally, 500 
to 600 ml is administered at the beginning of the 
procedure. A pneumatic cuff is used to generate an 
infusion pressure of 200 mm Hg. There is a gradient of 
approximately 100 mm across the 12F catheter that is 
placed in the ascending aortic root for very rapid in- 
fusion. 

A Y connector is used, with one arm going to the 
catheter in the ascending aortic root. An additional 
arm can be used for the early perfusion of ischemic 
areas of the circulation. The Y in the system is con- 
nected to the sump for left ventricular decompression 
during periods of aortic cross-clamping. The Austin 
pop-off valve is used to prevent aspiration of air into 
the system. 
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DR. ELDRED D. MUNDTH (Philadelphia, PA): I con- 
gratulate Dr. McEnany and his co-workers on a 
well-designed and very interesting study. Based on 
previous and current studies of the mechanisms of 
myocardial protection afforded by hypothermic 
hyperkalemic cardioplegia, we have all supposed 
that the major mechanism of cardioplegic myocardial 
preservation is related to reduced myocardial cellular 
metabolic demands as a result of cessation of myo- 
cardial electromechanical activity and, thus, reduc- 
tion in myocardial cellular ultrastructural ischemic 
injury. 

Other experimental studies suggested that non- 
cardioplegic hypothermic asanguineous coronary 
washout perfusion prior to global ischemia may re- 
sult in myocardial protection, possibly by a washout 
of deleterious myocardial metabolites. Most recent 
studies, however, indicate that except for hypother- 
mia, this mechanism of myocardial preservation is 
relatively minor. I think that the experimental results 
of this present study would confirm this supposition 
and that the basic mechanism of altered left ven- 
tricular function is related to failure to achieve 
thorough cardioplegia in the nonperfused segment. 

I have a question regarding the failure of cardio- 
plegia in the nonperfused segment. Did you actually 
monitor epicardial or endocardial electrocardiograms 
during the study to document the actual time re- 
lationship of ventricular fibrillation in that segment? 
In the clinical situation, perhaps we ought to not only 
monitor various segmental areas of temperature but 
also the ECG in terms of the effectiveness of delivery 

of the cardioplegic solution. 
~ I would also like to ask a question regarding the 
experimental protocol. The use of systemic hypo- 


"thermia at 28°C is infamous for warming the pos-. 


terior wall of the left ventricle due to the flow of 
blood in the aorta directly posteriorly. Did you use 
the pericardial well technique of topical cooling? In 
addition, perhaps the anterior, nonperfused segment 
would actually warm to a greater degree than the 
posterior wall. 

Also, were you able to document normal expected 
hyperemic flow in the distal anterior wall segment 
after global ischemia? Could there be reduced distal 
flow in this experimental preparation related to the 
relative restriction of flow through the temporarily 
occluded segment of the LAD, due perhaps to swell- 
ing of the endothelium during that hour of occlusion 
or mechanical restriction? 

Finally, I would like Dr. McEnany to comment on 
the fact that in the clinical situation, as Dr. Tyers 
mentioned, there is a variable degree of intracoro- 


nary ccllateral present. This may be substantially 
differert in terms of delivery of cardioplegic solution 
to myocardial segments distal to the coronary artery 
obstruction. How do you extrapolate your data to 
this actual clinical situation? 


DR. MCENANY: I thank all of the discussants, espe- 
cially Dr. Tyers, whose signal contributions to the 
study of cardioplegia are well known. 

In tre design. of our study, we wanted to set up 
very rizorous standards of satisfactory protection. I 
agree chat if you obsessively (appropriately) take 
time tc infuse a large enough volume of hypothermic 
potass:um cardioplegia into the relatively ischemic 
portion of the myocardium, some of the stringent 
stancards and descriptors that we have discussed 
today may very well be superseded. 

Regarding the volume of cardioplegic solution 
used, this was the volume found in pilot studies to 
be satisfactory (in normal hearts) to lower the tem- 
perature of the entire myocardium to between 18° 
and 20°C and to cause rapid electromechanical asys- 
tole. 

Dr. Vaughn, I think that your delivery system is 
quite nice. We use the same type of system in Provi- 
dence but we also cool the cardioplegic solution ex- 
ternally using a commercially available plastic cool- 
ing coil. It is interesting that your bag-catheter 
gradient is only 100 mm Hg. In our experience, 
with a bag pressure of 300 mm Hg, we have been 
able almost routinely to measure a gradient of 150 
to 130 mm Hg. 

Dr. Mundth, we measure the ECG from the mid- 
por-ion of the ventricular mass by attaching ECG 
electrodes to the piezoelectric crystal wires. The 
crystals are 3 mm in diameter, implanted a minimum 
of 3 mm in the myocardium; we are actually re- 
cord.ng a midzonal combination of epicardial- 
endccardial ECG. There is no question that the 
epicardial ECG is not a satisfactory device to monitor 
exacly what is going on in the entire myocardium. 

We did not use topical cooling in this study, which 
was a fairly vigorous test to determine only what 
inadequate perfusion of the cardioplegic solution 
would do to regional wall function. After the LAD 
ligature was removed prior to releasing the aortic 
cross-clamp, we were able, with radioactive micro- 
sph2res, to measure an appropriate hyperemic re- 
sponse in the LAD area. We also examined these ves- 
seis at the end of each study; there was no intimal or 
obszructive lesion in the LAD that would have pre- 
cluded satisfactory reperfusion following release of 
the aortic cross-clamp. 
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í amount of carbon dioxide. The lowest practical prime 
-for the Adult system (including oxygenator, reservoirs, 
~ and MINIPRIME* Disposable Heat Exchanger) is 900 

ml. When the arterial and venous lines are included, 
.  theentire circuit may be primed with as little as 1800 ml 
. —-6f cellufaror non-cellular fluid. Clinical experience has 
) d on patients ranging in weight between 
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i — TMO MEMBRANE OXYGENATOR 
a PERFORMANCE CHARACTERISTICS 

Operation of the oxygenator under clinical conditions 
may produce different values from those illustrated 
because of the variables involved in the clinical 
perfusion procedure and in the manufacture of the 
device. The values shown are for approximation only. 
The charts below show the mean values from six 


| | | 
STANDARD TEST CONDITIONS: ^" Senators using canine blood 


Blood Flow 6 liters/min 
Gas Flow 15 liters/min 
Venous Saturation 
Venous pCO, 

b Venous pH 


Temperature 
Hematocrit 
Shim Pressure 300 mm/Hg 


*The ability of the TMO Membrane Oxygenator to transfer oxygen into 
and remove carbon dioxide from the blood will vary widely depending 
upon the condition of the blood. 
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INDICATIONS 

The Travenol TMO Membrane Oxygenator is indicated for the oxygenation of blood and the 
removal of carbon dioxide from it in an extracorporeal circuit during total cardiopulmonary bypass 
at flow rates up to 6 liters/minute at altitudes not in excess of 5300 feet (1615 meters). 


CONTRAINDICATIONS 
Selection of patients as candidates for oxygenation is totally a medical responsibility and the 
outcome is dependent on many variables, including patient pathology and surgical and perfusion 
procedures. 

in patients who are actively bleeding, medical judgment must be exercised in the use of the 
device. Benefits of oxygenation must be weighed against risks of total body heparinization. 
Oxygen requirements and transfer rates are influenced by many variables during perfusion. 


WARNINGS 
Evaluation of this oxygenator at elevated altitudes has shown inadequate outlet partial press 
for total bypass (apparently because of lower O; partial pressure differences across 
membrane). Until appropriate modifications are made, use of this device at altitudes above 5; 
feet (1615 meters) is not recommended. 

Use of blood suction devices must be limited where possible. 


PRECAUTIONS 
Adequate heparinization is essential. If the oxygenator is used in hyperbaric environments, t 
sides of the oxygenator must be referenced to the same pressure. The gas outlet port shc 
remain open and free of any obstructions. 

Before using, refer to complete directions accompanying the product. 
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The Effects of Intraaortic Balloon l 
Counterpulsation on Myocardial Infarct Size 


Harold H. Haston, M.D., and J. Judson McNamara, M.D. 


ABSTRACT The left anterior descending coronary 
artery was ligated in 6 baboons. Subsequertly, 3 
animals were supported with long-term (24-hour) 
intraaortic balloon pumping (IABP), and 3 were on 
coronary occlusion alone. Animals were studied 
hemodynamically and with unipolar electrocardio- 
graphic mapping acutely and then were studied after 
a week and killed. A histological measurement of 
infarct size was made. 

The use of IABP had no influence on the zrea of 
ischemia determined by unipolar mapping or on in- 
farct size measured quantitatively at a week. Simi- 
larly, there were no acute hemodynamic differences 
between the two groups. The only significant dif- 
ference noted was a reduction in systolic press ure in 
IABP animals during balloon pumping and a sig- 
nificantly higher left ventricular systolic pressure a 
week following infarction in animals treated with 
IABP. 

The data indicate no significant effect of IA BP on 
altering infarct size in animals with acute coconary 
ligation in the absence of cardiogenic shock. 


Cardiogenic shock poses a difficult manage- 
ment problem following acute myocardial in- 
farction as reflected by the high mortality in 
this group of patients [24, 25]. Development of 
pump failure or cardiogenic shock is related to 
the amount of myocardium lost as a conse- 
quence of the infarct [20]. Therapeutic modal- 
ities that would preserve myocardium reduce 
pump failure or cardiogenic shock and improve 
patient survival. .— 

Acute coronary artery ligation in the experi- 
mental animal produces a discrete and easily 
discernible area of cyanosis and dysfunction in 
the myocardium previously perfused bz that 
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coronary artery. The degree of ischemia, how- 
ever, is not uniform within this observed cy- 
anotic area [1, 6]. A central area of severe isch- 
emic injury has been characterized in which 
markedly decreased coronary blood flow leads 
to early development of myocardial necrosis as 
shown by depletion of creatine phosphokinase, 
histological examination [3, 11, 17], and epicar- 
dial electrocardiographic changes [16]. The cen- 
tral area is surrounded by a marginal zone of 
ischemia, which histologically consists of areas 
of patchy necrosis interspersed with areas of 
viable myocardium [3, 11]. Enzyme depletion 
studies in this marginal zone also indicate that 
this is an intermediate transition zone from 
necrotic central infarct to normal myocardium 
[17]. Collateral coronary blood flow surround- 
ing the ischemic area is thought to provide the 
necessary oxygen for viability in the marginal 
zone. 

Maintenance of viability in this marginal 
zone would decrease infarct size by limiting ne- 
crosis to only the central anoxic area not per- 
fused by collateral coronary blood flow. Phar- 
macological interventions that decrease myo- 
cardial oxygen consumption (MVO,) have been 
shown to decrease myocardial injury in an isch- 
emic area [8, 15]. Diastolic augmentation and 
intraaortic balloon pumping (IABP) also have 
been effective in decreasing myocardial injury 
by increasing coronary blood flow and de- 
creasing MVO, [14]. It is the purpose of this 
study to assess the effect of IABP on myocardial 
infarct size. 


Methods 

Studies were carried out in anesthetized pri- 
mates (Papio anubis) weighing 12 to 16 kg. 
Respiration was controlled with a volume respi- 
rator, and anesthesia was maintained with 
sodium thiopenthal. The left femoral vein was 
used for administration of fluids and drugs. A 
right brachial artery catheter was introduced 
and advanced to the level of the innominate ar- 
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tery to monitor central aortic pressure. A left 
anterolateral thoracotomy was performed, and 
the heart was suspended in a pericardial cradle. 
A catheter with an inner diameter of 3.25 mm 
was placed in the left ventricle by direct 
puncture of the apex and was attached to a 
pressure transducer. A flow probe was placed 
around the main pulmonary artery and attached 
to a Biotronex Model B-620 flowmeter with dif- 
ferentiating and integrating circuits for mea- 
surement of cardiac output, stroke volume, and 
stroke work. Catheters were also placed in the 
main pulmonary artery and the left anterior de- 
scending coronary artery (LAD) just distal to 
the first diagonal branch. All variables were re- 
corded on a Gould Brush Mark 260 recorder 
system with an ECG coupler.* Left ventricular 
pressure (LVP) was attached to a differentiating 
circuit, and both intraventricular pressure and 
the first derivative (dP/dt) were displayed on a 
Tektronix Model 564 storage oscilloscope and 
recorded at 1,000 mm per second. 

To estimate the extent of acute myocardial 
ischemic injury, an epicardial ECG was made 
with a unipolar electrode at ten predetermined 
points on the anterior surface of the left ventri- 
cle. The recorder was calibrated in such a way 
that 1 mv — 1 mm deflection. Às shown in pre- 
vious studies, those sites that had more than 2 
mv of S-T segment elevation reflect ischemic 
injury. Loss of RS amplitude correlates with in- 
creasing necrosis of myocardium within an 
ischemic area [23]. RS amplitude and S-T seg- 
ment elevation greater than 2 mv were recorded 
from epicardial ECGs for the ten points on the 
left ventricle. 

Myocardial contractility was measured by 
determination of contractile element velocity 
(Vee), as described by Mason and colleagues [18], 
from the instantaneous display of LVP and 
dP/dt on the oscilloscope. The formula Vee = 
(dP/dt)kP was used, where P = developed 
isovolumic pressure and the series elastic con- 
stant, and k = 32 muscle lengths [28]. Paired 
points on both LVP and dP/dt curves were 
taken at 2-msec intervals during the period of 
isovolumic contraction for calculation of Vee. 
Computer analysis of Vee and isovolumic pres- 


*Model 11430101, Gould, Inc., Cleveland OH. 


sure c_rves was used for linear extrapolation of 
the velocity of the contractile element shorten- 
ing at zero afterload (V max). 

Follawing initial preparation and recording of 
variables before ligation, the LAD was ligated. 
Fifteer. minutes after occlusion, all mea- 
surements were recorded and precordial ECGs 
were rrade to determine the degree of myocar- 
dial iscaemia. In the experimental group (3 ba- 
boons), counterpulsation was initiated 15 min- 
utes afier occlusion using a catheter-mounted 
single-element segment intraaortic balloon in- 
serted >reviously through the left femoral artery 
and acvanced into the descending aorta. The 
balloon. was inflated with 10 cc of helium using 
an AVZO counterpulsation system. IABP was 
maintained for 24 hours. Measurements were 
recorded hourly until 6 hours after LAD occlu- 
sion at which time the chest was closed and the 
anima: was allowed to breathe spontaneously. 
Each variable was measured again seven days 
later; then the animal was killed. The heart was 
excised and placed in formalin. 

Ten transverse sections of equal thickness 
were made along the long axis of the left ventri- 
cle. Slizes of each section were stained with 
hematoxylin and eosin. Histological findings in 
this study agree with previous descriptions of 
an area of patchy necrosis surrounding a central 
infarct area consisting of karyorrhexis, kary- 
olysis, znd fragmentation of cells and intersti- 
tial fibrosis. Ischemic margins showed similar 
nuclear -hanges and often demonstrated hyper- 
chromatic cytoplasm with interspersed areas of 
normal appearing myocardial cells. Planimetry 
of each section was carried out to determine the 
area of zentral infarct, the area of patchy necro- 
sis, and the area of total left ventricle. Infarct 
size anc patchy necrosis areas are represented 
as a percentage of the left ventricle. Total injury 
to the ventricle is expressed by summating the 
areas of infarct and patchy necrosis. 


Results 

Following ligation of the LAD, a large area on 
the ante-ior surface of the left ventricle became 
cyanotic and rapidly developed a decrease in 
the observed contractile strength. Often this 
ischemi- area would move paradoxically during 
systole. Myocardial ischemic injury as mea-: 
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Fig 1. Mean S-T segment elevation (ST 7) following 
coronary ligation in animals treated with and without 
the balloon pump. 


sured by S-T segment elevation rapidly in- 
creased following ligation and reached peak 
levels within an hour after occlusion (Fig 1). 
Comparison of S-T segment elevation be- 
tween groups of baboons is characteristically 
not possible because of wide variation in coro- 
nary anatomy. In this study, the 3 animals with 
IABP actually had greater S-T segment elevation 
at 15 minutes than control animals, although 
the difference was not statistically significant. 


A rapid decline in S-T segment elevation has 


been shown to reflect a decrease in myocardial 
injury in the period immediately after injury. In 
order to allow comparison of S-T segment data 
among the baboons, variations due to inherent 
differences on coronary blood supply were 
eliminated by expressing 5- T segment elevation 
as a percent of maximal 5-T segment elevation 
occurring at 1 hour. These data show identical 
values for S-T segment decline in the two 
groups of animals (Fig 2). RS amplitude was 
measured before LAD ligation. The loss of RS 
amplitude by ischemic myocardial injury has 
been demonstrated in primates by previous 
studies [23]. Following ligation, R5 amplitude 
decreased in both groups (Fig 3). The percent of 
RS amplitude compared with values before li- 
gation demonstrated that no significant dif- 
ference in the loss of RS amplitude was pro- 
duced by IABP (Fig 4). 

IABP produced no change in cardiac output, 
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Fig 2. S-T segment elevation expressed_as a percent of 
the maximal S-T segment elevation (% ST? max) shows 
a similar course for S-T segment decrement in animals 
treated with and without the balloon pump. 
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Fig 3. Mean RS amplitude (RS) after ligation in animals 
treated with and without the balloon pump. 
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Fig 4. Same data as shown in Figure 3 except the de- 
crease in RS amplitude after ligation is expressed as a 
percent of the maximal RS (% RS max). 
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Hemodynamic Data following Coronary Ligation in Animais 


Treated with and without the Balloon Pump 


Stroke 

Cardiac Stroke Work 

Output Volume (mm Hg 
Period (ml/min) (ml) cm?/beat) 
of ——————— ———— J— 
Ligation P NP P NP P NP 
Pre-ligation 1,433 1,595 13.1 13.2 1,444 1,478 
15 min 1,573 1,533 12.4 11.7 1,276 1,279 
] hr 1,296 1,535 10.9 12.5 1,081 1,316 
2hr 1,376 1,658 11.1 13.9 1,110 1,455 
3 hr 1,360 1,696 12.1 12.8 1,099 1,324 
4 hr 1,206 1,658 10.5 12.6 1,033 1,341 
5 hr 1,206 31,616 10.9 12.2 1,159 1,293 
6 hr 1,2206 1,660 10.2 11.9 1,043 1,230 
7 d 1,257 1,535 8.7 10.8 894 848 
*p < 0.01. 


Left: LV LV 

Atrial oystolic Diastolic 

Vmix Pressure Pressure Pressure 
(circ sec) (mm Hg) (mm Hg) (mm Hg) 
P NP P NP P NP P NP 
1.99 1.98 14.5 9.7 131 130 6.2 4.8 
2.00 1.91 19.0 13.4 123 133 8.4 7.3 
1.88 1.88 14.0 10.0 106 125 67. 9 
193 1.931 12.0 11.7 113 127 TO 7.3 
1.86 1.88 14.3 10.0 3110 124 7.0 5.0 
1.95 1.87 14.0 107 107 123 6.0 5.3 
1.89 2.04 12.0 10.4 110 128 5. 6.6 
1.84 1.84 12.3 9.0 111 126 54 5.0 
2.29 2.11 8.5 9:2 132* 91* 4.9 4.6 


P = with balloon pump; NP = without balloon pump; Vmax = velocity of contractile element shortening at zero afterload; 


LV = lett ventricular. 
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Fig 5. Left ventricular systolic pressure (LVP) after 
coronary ligation in animals treated with and without 
the balioon pump. 


stroke volume, or stroke work (Table). Left 
ventricular systolic pressure was reduced by 
IABP (Fig 5) during the 6-hour period of 
monitoring after occlusion. Follow-up at seven 
days, however, revealed a significantly higher 
LVP in IABP animals, 133 + 10.98 mm Hg 
(mean + standard error of the mean) compared 
with 91 + 19.5 mm Hg (p < 0.01). No consistent 
change in left ventricular end-diastolic pressure 
could be shown in animals on IABP. Brachial 
artery systolic pressure was reduced 3.27 + 0.48 


mm Fg by IABP during the 24-hour period (Fig 
6). Diastolic pressure was augmented 42.36 + 
1.05 rum Hg by IABP during the same period 
(Fig 7.. The brachial artery systolic and diastolic 
pressures show a gradual decline in control 
animéls despite adequate urine output and 
fluid -eplacement. 

Myocardial contractility did not change fol- 
lowirg LAD ligation or during the period of 
IABP. This is similar to the findings in dogs 
after myocardial infarction [26]. 

Infarct size as a percent of the left ventricle 
was the same in IABP-treated animals, 20.9 + 
3.1%. compared with controls, 23.0 + 5.096. 
Areas of patchy necrosis varied considerably in 
individual animals, with no significant dif- 
ference between control and experimental 
groups. The size of the central infarction and 
areas of patchy necrosis was 22.9 + 2.8% in the 
IABF-treated animals and 38.4 + 11.2% in con- 


- trols. Due to the large extent of the anterior left 


ventricle with ischemic injury, representation 
of tne infarct as a percent of the ECG- 
determined ischemic area could not be done. 
Central infarcts were often full-thickness myo- 
card.al injuries on the anterior surface of the left 
ventricle and extended into the septum, thus 
extending well beyond the area of epicardial 
electrode mapping. Patchy necrosis was seen 
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Fig 6. Brachial artery systolic blood pressure with and 
without balloon pumping after coronary ligation. 
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Fig 7. Brachial artery diastolic blood pressure with and 
without balloon pumping after coronary ligation. 


most often in the endocardial portion of the pe- 
ripheral ischemic myocardium. 


Comment 

Acute myocardial injury following ligation of a 
coronary artery as shown by S-T segment ele- 
vation correlates with depletion of creatine 
phosphokinase and later histological changes in 
ischemic myocardium [17]. S-T segment eleva- 
tion increases rapidly following coronary artery 
ligation and reaches a peak within 1 hour. It 
then gradually declines to approximately 10% 
of peak levels within 6 to 8 hours in primates 
[23]. Maroko and co-workers [8, 14, 16] found 
that interventions that decrease MVO, (pro- 
pranolol, IABP) or increase coronary blood flow 
(IABP, coronary artery reperfusion) alter the 
rate of decline in S-T segment elevation, pro- 


ducing a rapid decrease in the elevation. Loss of 
RS amplitude with myocardial ischemia has 
also been shown to reflect increasing myocar- 
dial injury in primates [23]. In the present study 
of normotensive primates, IABP did not pro- 
duce a significant difference in the rate of de- 
cline in S-T segment elevation or loss of RS am- 
plitude compared with controls. Heart rate 
variations were not significantly different in the 
two groups. Thus, diastolic coronary perfusion 
time was unchanged. In view of the adequate 
diastolic augmentation by IABP, such a change 
in S-T segment elevation may be a reflection of 
poor collateral coronary blood flow in primates. 
Previous reports have shown that IABP de- 
creases S-T segment elevation in dogs if used 
immediately following coronary artery ligation 
and less reduction if initiated longer than 15 
minutes after occlusion [8]. In 1974, Clayman 
and co-workers [2] showed that in dogs, IABP 
plus phenylephrine hydrochloride resulted in a 
marked decrease in S-T segment elevation in 
the hypertensive state compared with IABP 
alone or in combination with nitroprusside- 
induced hypotension. They concluded that 
the beneficial effects of IABP in decreasing 
electrical injury patterns resulted more from an 
increase in coronary blood flow than a decrease 
in the afterload and MVO,. 

Becker and co-workers [1] described the dis- 
tribution of coronary blood flow changes fol- 
lowing acute coronary occlusion. Increasing the 
coronary blood flow to the ischemic zone would 
indeed decrease acute ischemic injury and the 
subsequent myocardial infarct size, particularly 
if coronary blood flow through collateral vessels 
would prevent infarction in the marginal isch- 
emic zone. 

Reports of changes in total coronary blood 
flow by IABP vary [12, 21]. Total coronary blood 
flow is dependent on coronary perfusion pres- 
sure and autoregulatory mechanisms. Powell 
and associates [21] reported that IABP increases 
total coronary blood flow in animals in a 


hypotensive state, but not in normotensive 


animals [21]. More important to the ischemic 
myocardium is regional coronary blood flow. 


Results of microsphere studies of coronary 


blood flow and distribution in the ischemic 
zone also differ. Gill and colleagues [6] found 
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that following 20 minutes of coronary artery li- 
gation, IABP produced a significant increase in 
the coronary blood flow to the central ischemic 
zone and the subendocardium of the marginal 
zone. Watson and associates [27] showed that 
the period of ligation prior to initiation of IABP 
affected the resultant coronary blood flow 
changes in the ischemic zone. If IABP was de- 
layed following ligation, even by as much as 20 
minutes, no change was seen in coronary blood 
flow to the ischemic zone; however, IABP prior 
to ligation produced a significant increase in 
coronary blood flow to the ischemic zone mea- 
sured 10 minutes after occlusion. Shaw and as- 
sociates [22] found that often 1 hour of IABP 
during ischemia resulted in no change in coro- 
nary blood flow to either central or marginal 
ischemic zones. Distribution of coronary blood 
flow also is different between epicardium and 
endocardium. In the marginal zone, coronary 
blood flow to the endocardium is less than flow 
to the epicardium [6]; IABP has been shown to 
increase coronary blood flow to the endocar- 
dium in the marginal zone [6] and to the central 
zone [22]. Thus, the ischemic area is charac- 
terized by a central ischemic zone, often trans- 
mural, with peripheral extension primarily 
involving the endocardium. Histological speci- 
mens in the present study agree with this 
finding. : 

. Barlier attempts to alter infarct size with 
arterio-arterial diastolic augmentation in dogs 
Showed a decrease in infarct size with nitro 
blue tetrazolium enzyme staining technique 
[19, 24] and on histological examination [9]. 
These previous studies, however, were riot 
quantitative. In the present study of normoten- 
sive primates, no significant difference could 
be demonstrated in infarct size in animals 
treated with IABP following coronary artery li- 
gation. Although the sample size is small, the 
data on infarct size are so similar and in such 
close agreement in the 6 animals studied that 2 
or 3 additional animals cóuld not alter the re- 
sults in a statistically significant way. The mar- 
ginal zone characterized by patchy necrosis, 
though not large, is quite variable and not sig- 
nificantly altered by IABP. Perhaps as DeLaria 
and colleagues [4] suggested, during the early 


phase of myocardial ischemia, interventions 
that decrease the electrical injury (S-T segment 
elevation) and make small but statistically sig- 
nificant changes in coronary blood flow to the 
ischemic area represent only a delay and not a 
reversal of eventual necrosis of the ischemic 
myocardium. Following IABP, the same areas 
that showed initial improvements may con- 
tinue cn to necrosis. Hypotension, however, 
leads td decreased coronary blood flow and 
would further increase the myocardial injury. 
In this situation, increasing coronary blood 
flow with IABP could be expected to be effec- 
tive in limiting infarct size. À study by Ginks 
and colleagues [7] in 1974 showed that utilizing 
several modalities to salvage ischemic myocar- 
dium ‘hypothermia, propranolol, IABP, and 
corcna-y artery reperfusion) results in dramatic 
reduction in infarct size in dogs. 

A rezent report by Leinbach and co-workers 
[13] in 1978 described significant electrophy- 
siological evidence of reduction of infarct size 
in 5 of 11 normotensive patients undergo- 
ing IABP within hours of the onset of symp- 
toms of infarction. They found that patients 
who did not appear to benefit from IABP were 
those subsequently shown by angiography to 
have complete LAD occlusion as opposed to 
patierts responding favorably to [ABP in whom 
LAD ccclusion was incomplete. They suggested 
that LABP could have contributed to mainte- 
nance of coronary patency. The present data (all 
animels had total LAD occlusion) concur with 
the clinical observations of Leinbach and 
associates—that patients with complete LAD 
occlusion respond poorly to IABP. 

IAEP has a definite supportive role in man- 
agement of myocardial ischemia. Use .of IABP 
to increase coronary collateral blood flow and 
there»y decrease infarct size does not seem to 
be etfective in the normotensive state with 
complete coronary occlusion. Hypotension 
with decreased coronary perfusion pressure in 
cardidgenic shock, however, has been an indi- 
cation for IABP clinically and has resulted in 
improved survival [10]. Clinical reports sub- 
stantiate the beneficial role of IABP in stabiliz- 
ing Aypotensive patients in preparation for 
defiritive myocardial revascularization [5]. 
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A Mechanical Device for 


Sutureless Aorta-Saphenous Vein Anastomosis 
Robert A. Guyton, M.D., James H. McClenathan, M.D., | 


and Lawrence L. Michaelis, M.D. 


ABSTRACT The aorta-saphenous vein anasto- 
mosis is a very common anastomosis with constant 
anatomy. A device for sutureless aortovenous anas- 
tomosis is presented which adapts the principle of 
venous eversion to the end-to-side anastomosis. The 
use of this device in 20 dogs demonstrated that rea- 
sonable early patency (85%) and subsequent long- 
term patency (100%) can be achieved. The device 
possesses the potential for rapid multiple anas- 
tomoses to the proximal aorta, but the eversion prin- 
ciple requires that the anastomosis be smaller than 
the vein utilized. Clinical application of this tech- 
nique will require both modification to enlarge the 
anastomosis and demonstration of long-term pa- 
tency competitive with suture techniques. The de- 
vice is not yet ready for clinical use. 


The aorta-saphenous vein anastomosis pre- 
sents a challenge for sutureless vascular anas- 
tomosis techniques. The widespread utilization 
of coronary artery operation has made this a 
very common anastomosis. But success of a 
sutureless anastomotic device in this position 
requires patency at least as good as existing 
techniques as well as a marked reduction in 
operating time. The vessels involved present a 
relatively constant anatomy: a supple, thin 
saphenous vein and an atherosclerotic aorta. 
Techniques of sutureless anastomosis de- 
scribed to date, notably the Nakayama ring and 
Russian, Japanese, and American stapling de- 
vices, have required that both vessels be pliable 
to achieve endothelium-to-endothelium ap- 
proximation [1, 3-5]. This study presents a new 
device for aortovenous anastomosis that does 
not require eversion of the aorta and thereby 
may be applicable to atherosclerotic vessels. 
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The initial application of this device in dogs is 
described. 


Method 

The device used in this study was a stainless 
steel cylinder that was 6.3 mm long and that 
had ar. outside diameter of 6.3 mm and an in- 
side diameter of 5.5 mm. An 8.1 mm flange was 
fashioned at one end of the cylinder, and eight 
stainless steel teeth, 2 mm long, were attached 
to the flange. The teeth were not positioned 
parallel to the axis of the cylinder, but at an 
angle of 10° (Fig 1). 

The use of this device is illustrated in Figure 
2. The external jugular vein in dogs was found 
to be suitable for the anastomosis. The vein is 
dissected from its bifurcation to the thoracic 
outlet and is excised after ligation of branches 
with 5-0 silk ligatures. It is then passed through 
the cylinder and everted back to cover the 
device completely. A suture is placed in the 
evarted end of the vein, taking three or four 
bites of vein wall, to hold the vein in place (Fig 
2A., B). The distal aortic arch is exposed through 
a lett thoracotomy. A large side-biting clamp is 
placed on the aorta just distal to the subclavian 
artery, excluding a 3 cm segment of aorta from 
blood flow. A 1 cm incision is made in the distal 
portion of this excluded segment. A 3 mm hole 
is punched in the proximal portion of the ex- 
clud2d segment using a right-angle spatula in- 
serted through the incision for counterpressure. 
Ihe free end of the vein is passed through the 
incision and out the punched hole. A special 
clar.p is placed on the device to protect the 
aorta from premature contact with the teeth (Fig 
2C, D). The clamp is used to position the device 
directly beneath the punched hole (Fig 2E). The 
camp is then opened, and tension on the vein 
is used to pull the device into position. Using 
the closed clamp for counterpressure, the aorta 
is pushed snugly down on the flange, setting 
the teeth into the aorta. The aortic incision is 
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Fig 1. Anastomotic device. The stainless steel cylinder 
with the toothed flange is used for end-to-side ancs- 
tomosis while the plastic cylinder is used for end-to-end 
anastomosis. 


closed with a running suture (Fig 2F). The su- 
ture placed in the everted end of the vein to 
hold it in place is divided and removed. The 
side-biting clamp is slowly released. An 8 mm 
sleeve of Teflon felt is slipped over the junction 
of device and vein to prevent tearing or kinking 
of the vein on the steel edge. 

The distal anastomosis is constructed with a 
modification of the method of Blakemore and 
Lord [2]. The distal end of the vein is everted 
over a plastic sleeve 8 mm long and with an 
outside diameter of 8 mm and an inside 
diameter of 6 mm. The left subclavian artery is 
divided from its aortic origin and the stump is 
secured with a suture ligature. The distal end of 
the vein (everted over the sleeve) is inserted 
into the artery, and a ligature is placed around 
the artery over the sleeve to complete the distal 
anastomosis. 

Experiments were conducted in 21 American 
foxhounds, weighing 18 to 25 kg. Anesthesia 
was induced with intravenously administered 
sodium thiamylal (20 mg per kilogram of body 
weight) and was maintained by ventilation 
with a mixture of halothane, oxygen, and car- 
bon dioxide. After operation the animals were 
returned to their cages and allowed to recover. 
At one to three months after operation, aortic 


root angiography was used to visualize the 
graft. Angiography was repeated at one year 
and two years in surviving animals. 


Results 

Technical problems were encountered in only 1 
of the 21 operations. Significant bleeding never 
occurred when the side-biting clamp was re- 
leased. Sutures were never necessary at the 
anastomotic site. In 1 animal, the vein graft was 
inadvertently jerked as preparations were made 
for the distal anastomosis, and the proximal 
anastomotic device was ripped out of the aorta, 
leaving a stellate laceration in the aorta. The 
tear was repaired with Teflon-reinforced su- 
tures, but the remaining segment of aorta was 
too small to permit reinsertion of the device. 
There were no other operative complications. 

Early graft function was demonstrated in 17 
of the 20 dogs that underwent successful opera- 
tion. One animal was killed one week after op- 
eration and was found to have widely patent 
proximal and distal anastomoses. Grafts in 16 of 
the remaining 19 animals were visualized by 
aortic cineangiography four to twelve weeks 
after operation. In 3 animals, grafts were not 
demonstrable by angiography. Postmortem ex- 
amination of these animals revealed thrombosis 
of the grafts from the aortic anastomosis to the 
distal anastomosis. No consistent difference 
was identified between those animals with 
thrombosed grafts and those with patent grafts. 

Four dogs were killed one month after opera- 
tion and 4, three months after operation. An- 
astomotic narrowing was evident in 2 of the 
dogs examined at one month and in 1 of the 
animals examined at three months. In these 
3 animals, the residual anastomotic area was 
greater than 50% of the original size. In 2 of the 
3 dogs, narrowing seemed related to ligated 
side branches of the vein that were placed 
within the anastomotic device. The proximal 
anastomoses in the remaining 5 dogs and the 
distal anastomoses in all 8 dogs were widely 
patent (Fig 3). 

Eight animals underwent aortic angiography 
one year after operation, and patent grafts were 
demonstrated in all 8. Four animals were killed. 
One of these animals had moderate narrowing 
of the proximal anastomosis (approximately 
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Fig 2. Use of the end-to-side device. (A, B) The vein is 
everted over the device and tied in place. (C) A special 
clamp is used to protect the aorta from premature con- 
tact with the teeth. (D) The vein is inserted into the 
aorta and out a punched hole. (E) The clamp is used to 
position the device under the hole. (F) The device is 
pulled into position, setting its teeth into the aorta, and 
the aortic incision is sutured. 





Fig 3. A postmortem specimen three months after su- 
tureless vascular anastomosis. The endothelial covering 
of the device is intact. 


50% narrowing). Again, there was no narrow- 
ing of the distal anastomosis. 

The remaining 4 animals were restudied two 
years after operation. Again, graft patency was 
demonstrated in all animals. Aneurysmal dila- 
tation of the vein grafts in a fusiform manner 
was seen in all 4 animals, each vein being en- 
larged along its entire length one and one-half 
to two times the original diameter. 


Comment 

Stapling devices for vascular anastomosis re- 
quire that both vessels be sufficiently pliable 
that they can be formed around a stapling plat- 
form [1, 3-5]. Clearly atherosclerosis precludes 
the use of such a device. A cannula lined witha 
vein graft was proposed for end-to-end vascular 
anastomosis more than three decades ago [2]. 
The device utilized in this study is an adapta- 
tion of that technique to the end-to-side anas- 
tomosis. A critical factor in this adaptation is 
the elimination of the requirement of pliability 
of the host vessel. Intima-to-intima approxi- 
mation is achieved without eversion of the 
aorta. A second important feature of this device 
is the use of steel teeth to hold it in place. As 
intraluminal pressure pushes the device against 
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the aortic wall, the teeth prevent the elastic 
aorta from pulling away. Indeed, the angle at 
which the teeth are positioned tends to meke 
the anastomosis tighter, not looser, as blcod 
pressure is increased. 

The ideal device for aorta~saphenous vzin 
anastomosis should provide 100% early >a- 
tency and no late closure. Early patency of 8596 
was achieved in this study, utilizing an aras- 
tomotic device at each end of the vein graft. 
There was no late graft occlusion in the animals, 
but moderate anastomotic narrowing was 
clearly present in 3396 of the animals killed. 

An inescapable drawback of this vascalar 
eversion anastomic technique is the fact -hat 
the anastomosis must be smaller than the vessel 
used. This objection might be overcome by 
utilizing an absorbable material for the cylin- 
drical part of the device. An absorbable cylin- 
der might be attached to a ring of metal pirs or 
perhaps to a split ring of metal pins, as in the 
method of Nakayama and associates [5]. 

The primary advantage of this sutureless de- 
vice is the potential for very rapid anastomosis. 
Anastomosis of the prepared vein invariably 
required less than eight minutes in this stady. 
In animals operated on later, partial aortic oc- 
clusion time was approximately six minutes. It 
is important to note that more than half of this 
time was utilized in creating and closing the 
aortotomy. Additional anastomoses performed 
through the same aortotomy would require ap- 
proximately two minutes per anastomosis. In 


the larger human aorta, utilizing a single large 
clamp or cardioplegic arrest, creation of 4 
anastomoses in less than ten minutes would 
seem to be possible. Use of a stapling device to 
close the aortotomy could save additional time. 

Widespread clinical application of sutureless 
vascular anastomotic devices will require that 
such devices be equal or superior to suture 
techniques in long-term patency. This is a dif- 


‘ficult task indeed when both techniques have 


a high patency rate. This requirement will prob- 
ably limit the use of sutureless anastomotic 
devices to clinical situations in which speed is 
important, such as organ transplantation, limb 
reimplantation, and circulatory arrest. A device 
similar to that presented in this study could 
prove at least equal to suture techniques in 
long-term patency and could be useful in cir- 
cumstances requiring rapid vascular anasto- 
mosis. 
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Aortoplasty 


Compared with Resection 


for Coarctation of the Aorta in Young Children 


Robert M. Sade, M.D., Ashby B. Taylor, M.D., and Edd P. Chariker, M.D. 


ABSTRACT We repaired coarctation of the aorta in 
a group of 18 children less than 3 years old, using 
either resection with end-to-end anastomosis (8 pa- 
tients, Group 1) or patch graft aortoplasty (10 pa- 
tients, Group 2). The two groups were similar pre- 
operatively in age, pressure difference between 
proximal and distal aorta (AP,,), and severity of aor- 
tic arch hypoplasia. 

Three patients, all less than 2 months old, died 
early postoperatively. Among the survivors, the 
right brachial artery systolic pressure was signifi- 
cantly higher in Group 1 (133.1 + 7.0 mm Hg) (mean 
+ standard error of the mean) than in Group 2 (102.5 
+ 7.2 mm Hg) (p < 0.05). The AP,, was significantly 
higher in Group 1 (33.0 + 7.5 mm Hg) than in Group 
2 (5.1 + 2.3 mm Hg) (p « 0.01). Three patients in 
Group 1 required reoperation and were treated with 
patch graft aortoplasty; relief of AP,, was complete 
in 2. Patch graft aortoplasty is more effective than 
resection in reducing proximal aortic systolic pres- 
sure and in relieving AP,, in infants and small chil- 
dren with coarctation of the aorta. 


Treatment of coarctation of the aorta in infants 
presents several problems not encountered in 
older children and adults. Congestive heart 
failure is often found because of associated car- 
diac malformations and ventricular hyperten- 
sion. These factors have caused a higher mor- 
tality rate in newborn infants than in older 
patients [6, 9, 19]. The relatively small size of 
the vessels being repaired and the necessity 
for future growth of those vessels have led 
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to a high incidence of residual or recurrent 
coarctation [8, 10]. 

Stimulated by reports of reduced late compli- 
cations after patch aortoplasty [17], we have 
utilized this technique for the past three years 
in a zroup of small children with severe coarc- 
tation of the aorta. Concurrently, we treated 
another group .with standard resection and 
end-to-end anastomosis. We compared the 
hemcdynamic results in the two groups to de- 
termine the effect of each operation on the 
pathcphysiology of aortic coarctation. 


Material and Methods 

Eighteen children less than 3 years old under- 
went repair of coarctation of the aorta; 12 were 
boys, and 5 were girls. All patients had signs 
and symptoms of severe congestive heart fail- 
ure poorly controlled medically or had severe 
brach:al artery systolic hypertension. Twelve 
patierts had important associated cardiovas- 
cular anomalies (Table). 

All patients underwent preoperative cathe- 
terization, including measurement of pres- 
sure in the ascending aorta and distal 
descer.ding aorta, and left ventricular angiog- 
raphv. The difference in systolic pressure be- 
tween the proximal and the distal aorta (AP 4.) 
was derived from these data. The diameter of 
the aortic arch between the left common carotid 
artery and the left subclavian artery was mea- 
sured, as was the diameter of the descending 
aorta et or close to the diaphragm; their ratio 
was derived as a measure of the size of the aor- 
tic arc, the hypoplasia index. 

Postoperatively, the APA, was measured at 
repeat cardiac catheterization in 7 patients, and 
noninvasively in all patients except 1 newborn 
(Group 1) who died early postoperatively and 1 
infant tGroup 2) who had bilateral obstruction 
of the -emoral arteries due to previous cathe- 
terizations. The blood pressure was measured 
noninvasively by selection of a pneumatic 
cuff appropriate in diameter for the patient's 
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. Associated Cardiovascular Malformations 





Malformation Group i  Group2 Total 
VSD 1 3 4 
PDA 1 2. 3 
VSD + PDA 1 1 2 
MS + PDA + PPS 1 1 
MI + PDA 1 1 2 
Single ventricle 1 1 
+ PDA 
Total 5 (62.5%) 8(80%) 13 (72%) 
(incidence) 


VSD = ventricular septal defect; PDA = patent ductus ar- 
teriosus; MS = mitral stenosis; PPS = peripheral pulmo- 
nary stenosis; MI = mitral insufficiency. 


age and the size of the extremity; a Doppler 
flow detector was used to determine the ap- 
pearance of flow beyond the cuff during pro- 
gressive deflation. The pressure was measured 
in the right arm and the uncatheterized (usually 
left) leg. When possible, pressures were also 
measured by auscultation. All blood pressure 
measurements were done by one pediatric car- 
diology nurse clinician specially trained in this 
technique. 


Operative Considerations 

All patients had either resection with end-to- 
end anastomosis or patch graft aortoplasty: as- 
signment to one group or the other was not 
systematic. All operations were done through a 
left thoracotomy. When resection was elected, 
the aorta distal to the coarctation was clamped. 
The vessels proximal to the coarctation were 
also occluded with one or two clamps. The 
patent ductus arteriosus or ligamentum ar- 
teriosum was divided, and the coarctation was 
resected to include all abnormal vessel. The 
proximal orifice was often enlarged with a ver- 
tical incision into the left subclavian artery. The 
anastomosis was carried out with a posterior 
continuous simple suture of 5-0 polypropylene 
and anterior simple interrupted sutures. 

For patch graft aortoplasty, the aorta was 
clamped in a manner similar to that for resec- 
tion, or with a single clamp specially designed 
for aortoplasty [18]. The patent ductus ar- 
teriosus or ligamentum arteriosum was divided 
or ligated. The aorta was incised well below the 
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A B 
Fig 1. Patch angioplasty of aortic coarctation. (A) The 
dotted line denotes the long incision from the left sub- 
clavian artery, through the coarctation, to the distal de- 
scending aorta. (B) A tubular graft the same length as 
the incision is opened longitudinally, and the corners 
are trimmed. (C) The completed billowing patch. 


coarctation and opened longitudinally through 
the coarctation, several millimeters into the left 
subclavian artery. The coarctation diaphragm 
was excised as completely as possible, and care 
was taken to avoid injury to the aortic wall. 
A piece of 6 mm reinforced polytetrafluo- 
roethylene (PTFE) vascular graft" was cut to 
the same length as the aortotomy and was 
opened longitudinally, and the corners were 
trimmed (Fig 1). It was sewn in place with a 
continuous 4-0 polypropylene suture. The 
clamp or clamps were removed. Suture line 
hemorrhage was controlled by gauze packing; 
additional sutures for hemostasis were seldom 
required. 

Eleven of 12 patients with associated anoma- 
lies had simultaneous or subsequent surgical 
treatment of the associated anomaly. The 
twelfth child was later found to have severe in- 
operable pulmonary vascular obstructive dis- 
ease due to a ventricular septal defect. 


Results - 

The patients were retrospectively divided into 
two groups for analysis, those who underwent 
resection with end-to-end anastomosis (Group 
1) and those who underwent patch graft aor- 
toplastv (Group 2). Preoperatively, the two 
groups were similar. The age distribution was 
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Fig 2. Right brachial artery systolic pressure related to 
age and operation. (A) Preoperative values; abscissa is 
age at operation. (B) Postoperative values; abscissa is 
age at the most recent blood pressure measurement. 
(Solid line = normal systolic arterial pressure for age; 
dotted lines = two standard deviations from normal 


[14].) 


not significantly different, Group 1 having a 
mean age of 14.4 + 4.6 months (mean + stan- 
dard error of the mean) and Group 2, 15.3 + 4.6 
months (p > 0.05). The distribution of complex 
malformations between the two groups (see 
table) was not significantly different (p > 0.05). 
The right brachial artery systolic pressure was 
similar; Group 1, 136.1 + 16.3 mm Hg and 
Group 2, 141.8 + 12.3 mm Hg (p > 0.05) (Fig 2). 
Preoperative catheterization showed similar 
severity of disease. The AP,, in Group 1 was 
49.1 + 10.8 mm Hg and in Group 2, 61.4 + 9.7 
mm Hg (p > 0.05) (Fig 3). The 2 patients with 
the lowest AP,, in Group 1 were severely ill 
newborns, 1 with a single ventricle and a large 
patent ductus arteriosus that brought the distal 
aortic pressure to ventricular level, resulting in 
a AP4, of zero. If these 2 newborns are ex- 
cluded, the mean preoperative AP,, of Group 1 
(62.2 + 8.6 mm Hg) is almost identical with that 
of Group 2. The hypoplasia index was also 
similar, the ratio of distal arch to descending 
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Fig 3. Change in pressure difference between the prox- 
ima! and distal aorta (AP,,). The mean and standard 
error f the mean are represented as $ for each group be- 
fore cnd after operation. (Postop. Cath. = postopera- 
tive catheterization.) 


aorta at the diaphragm being 0.95 + 0.06 in 
Group 1 and 0.85 + 0.07 in Group 2 (p > 0.05). 

Three patients, all less than 2 months old, did 
not survive hospitalization. In Group 1, an 
8-week-old infant with a large patent ductus 
arteriosus died of respiratory failure and bron- 
chopneumonia, and a 5-day-old newborn with 


a single ventricle and a large ductus arteriosus 


died of renal failure related to inadequate distal 
aortic blood flow. In Group 2, a 3-week-old in- 
fant who underwent aortoplasty and banding 
of the pulmonary artery for a large ventricu- 


lar septal defect died of massive pulmonary 


atelectasis on the fourth postoperative day. 
These 3 were the only infants in this series 
whose preoperative brachial artery systolic 
pressure was normal for age or lower (see Fig 2); 
they all had evidence of severely depressed car- 
diac output prior to operation. A fourth patient, 
in Group 2, died four months postoperatively, 
after cpen-heart operation for debanding of the 
pulmcnary artery and repair of a subpulmonary 
ventricular septal defect. 

All survivors who had preoperative conges- 
tive heart failure sustained marked decrease or 
disappearance of symptoms of congestive heart 
failure and decrease of heart size with 1 excep- 
tion. Æ child in Group 2 was suspected to have 
mitral stenosis prior to coarctation repair. After 
coarctetion repair, the APA, was completely re- 
lieved, but he continued to have symptoms of 
decreased exercise tolerance and failure to de- 
velop normally. At recatheterization he was 
found to have severe mitral stenosis and 
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Fig 4. Postoperative pressure difference between the 
proximal and distal aorta (AP ao) as a function of the 
hypoplasia index. The correlation (r = —0.448) of these 
two variables is not significant (p > 0.05), indicating 
that hypoplasia of the arch was not a significant factor 
in producing high AP a, postoperatively. 


underwent successful reconstruction of a con- 
. genitally stenotic mitral valve. He is now 
asymptomatic and growing well. 

Hemodynamic data during the period of 
postoperative evaluation demonstrated impor- 
tant differences between the two groups. In 
Group 1, mean Doppler systolic and auscultated 
diastolic arterial pressures proximal to the re- 
pair were greater than two standard deviations 
above normal for age (133.1 + 7.0/78.6 + 6.8 mm 
Hg), while in Group 2, means were within one 
standard deviation of normal for age (102.5 + 
7.2/56.3 + 2.4 mm Hg) (p < 0.05) (see Fig 2). The 
postoperative APA, was 33.0 + 7.5 mm Hg in 
Group 1 and was only 5.1 + 2.3 mm Hg in 
Group 2 (p « 0.01) (see Fig 3). None of the 4 
catheterized patients in Group 1 had a AP,, less 
than 20 mm Hg, while all 3 of the catheterized 
Group 2 patients had a AP,, of zero. 

The residual obstruction in 3 patients :n 
Group 1 was severe enough to require reopera- 
tion. All 3 had patch graft aortoplasty; relief of 
AP,, in 2 patients has been complete. The AP,, 
in the third patient declined from 80 to 60 mm 
Hg after resection and anastomosis, and de- 
clined further to 16 mm Hg after aortoplasty. 
Correlation between the hypoplasia index arid 


YULA 


the postoperative AP,, was insignificant (r = 
— 0.448, p > 0.05) (Fig 4). 


Comment 

Our group of infants with coarctation of the 
aorta was similar in most ways to those re- 
ported by others [14]. Important associated car- 
diovascular malformations are found in 50 to 
75% of patients, hypoplasia of the aortic arch is 
common, and age of the infant correlates with 
surgical mortality and morbidity [6, 9, 17, 19]. 
The 3 deaths in this series occurred in patients 
with evidence of low cardiac output, all new- 
borns less than 2 months old, which is the 
high-risk age group in the experience of others 
[9, 17, 19]. Our 3 patients had evidence of 
marked reduction in cardiac output prior to op- 
eration. 

This study was not prospective, and the pa- 
tients were not randomly assigned. However, 
since they underwent operation concurrently 
and since all measured preoperative variables 
were not significantly different, we considered 
the two groups to be comparable. Though the 
number of patients was small, the differences in 
variables measured postoperatively were great 
enough to achieve statistical significance. __ 

Our results indicate that operation for coarc- 
tation of the aorta is very safe in patients older 
than 2 months (no deaths in this age group), 
thereby confirming the observation of others [9, 
17]. Furthermore, by completely relieving the 
AP,, more consistently than resection, aorto- 
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plasty more often reduces the aortic systolic and 
diastolic pressures to normal. 

The long-term importance of late systolic and 
diastolic hypertension after repair is not yet 
known, though there is evidence they may in- 
crease the likelihood of premature death [11]. 
The average postoperative systolic and diastolic 
pressures in Group 1 were more than two stan- 
dard deviations above normal, whereas in 
Group 2, they were very close to normal for age. 
The abnormally high brachial artery pressures 
in Group 1 seemed to be related to residual 
obstruction at the coarctation site. 

Certain technical details of aortoplasty de- 
serve emphasis. The arteriotomy should extend 
well onto the subclavian artery. This prevents 
the cephalad apex of the patch from narrowing 
the outlet from the aortic arch into the de- 
scending aorta. It is interesting that there was 
poor correlation between hypoplasia index and 
postoperative AP,,, indicating that aortoplasty 
can abolish resting APA, in the presence of 
moderate to severe arch hypoplasia. The ar- 
teriotomy should also extend well down into 
the descending aorta to avoid distal narrowing 
of the vessel. 

Because of the possibility that the coarctate 
segment may grow less than normal aorta, the 
largest possible patch should be used. A 6 mm 
graft in a newborn infant increases the diameter 
of the narrowest part of the coarctation, after 
resection of the fibrous diaphragm, to 8 mm or 
more. Even a reduced rate of growth of the 
coarctate segment may result in a nonobstruc- 
tive lumen into adulthood. In our smallest 
newborns, the arteriotomy was about 25 mm 
long, producing a 50 mm sewing edge. When 
opened longitudinally, a 6 mm graft of the same 
length has a sewing edge of 88 mm, 76% longer 
than the aortic edge. We have experienced no 
difficulty with hemostasis despite this dispro- 
portion. | 

We have chosen reinforced expanded PTFE as 
graft material in infants because its very thin 
neointima does not reduce lumen diameter as 
much as other types of graft material [12]. With 
use of this material, we have some concern 
about the potential for aneurysm formation [1] 
in a patient who may later become hypertensive 
and who may .wear the patch for 75 years. 
Nevertheless, we believe the reinforced PTFE 


graft has been demonstrated in vitro to be 
satisfactorily creep-resistant for use under these 
circ mstances [7]. Furthermore, other prosthet- 
ic materials, such as Dacron, are not as chemi- 
cally inert as PTFE and have been associated 
witF degeneration and aneurysm formation [2, 
15]. Because of the longer period of demon- 
strated safety of other prosthetic materials, we 
use PTFE only in infants less than 1 year old and © 
Dacron in older children. 

Tae use of the subclavian artery as a viable 
flap patch by Waldhausen and Nahrwold [20] is 
raticnal because of the potential for growth of 
this patch and the reduced possibility of late, 
prosthetic patch infective endarteritis. We have 
been concerned that the small size of the avail- 
able patch may not provide an adequate lumen, 
tho-gh early follow-up (mean, 3.2 years) in a 
series of 8 newborns having this procedure [16] 
has demonstrated a low AP,, (mean, 8 mm Hg). 
We are hesitant to use an operation that de- 
strczs part of the vascular tree: use of the sub- 
clav_an artery has been generally safe after 
Blalock anastomosis, but late complications re- 
lated to division of the vessel have been re- 
corced [4]. Because of the possibility of subcla- 
viar. steal, the vertebral artery must always be 


. lige-ed when the subclavian artery is divided. 


Gur experience and that of others [10] dem- 
onstrate that survivors of operation do very well 
clirccally despite residual AP,, unless the AP,, 
is very high or associated lesions produce 
symptoms. Despite this observation, however, 
even relatively low levels of AP,, should be 
viewed as unacceptable. Freed and colleagues 
[5] were able to induce. severe brachial artery 
hypertension during exercise in a group of 
chidren who had undergone coarctation resec- 
tior and who had a normal resting blood pres- 
sure and minimal AP,, (« 10 mm Hg). They 
shcwed this exercise-induced hypertensive re- 
sponse is associated with an increase in AP,, to 
mote than 40 mm Hg after exercise. Although 
lower systolic brachial artery pressures after re- 
section and anastomosis than those found in 
our Group 1 have been reported [8], we are con- - 
cemed that a very high percentage of patients 
having this operation, with or without resting 
hypertension, may later have exercise hyper- 
tension due to a marginal aortic lumen. This 
mizht also occur, of course, after aortoplasty, 
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but we find the markedly lower AP,, after aor- 
toplasty encouraging. 

The evidence provided by our data and that 
of others now heavily favors aortoplasty over 
resection for the treatment of coarctation of the 
aorta in infants [3, 9, 13, 16]. The major re- 
maining technical question is whether to use a 
living patch (subclavian artery flap) despite its 
relatively small size and potential complications 
of division of a major artery, or to use a large 
prosthetic patch despite the risks of late graft 
degeneration, aneurysm, or infective endocar- 
ditis. Follow-up of several decades will be re- 
quired to answer this question. 

Perhaps the most important unresolved prob- 
lem regarding coarctation in small children 
is the timing of operation. Aortoplasty is very 
safe after the newborn period and has a high 
likelihood of relieving AP,,, even in the pres- 
ence of aortic arch hypoplasia, but we do not 
know whether this salutary result will be sus- 
tained over decades. In a 25-year follow-up 
study of 24 patients after coarctation resection, 
Maron and co-workers [11] reported that 12% 
died, and the cause of death may have been re- 
lated to the duration of preoperative hypertension. 
Furthermore, 40% of patients were hyperten- 
sive and 78% had evidence of cardiovascular 
disease. These data argue in favor of the earliest 
possible operation, though the occurrence of 
hypertension following adequate repair in in- 
fants has been noted. Because of our inade- 
quate understanding at this time of the risks 
associated with long duration of hypertension 
before repair and of the multifactorial causes of 
late hypertension after repair, we cannot accu- 
rately evaluate the potential benefits of early 
repair. 

Considering all these factors, we believe the 
weight of evidence favors operative treatment 
of aortic coarctation not only in infants with 
refractory congestive heart failure, but also in 
any patient more than 2 months old whose 
systolic or diastolic brachial artery pressure is 
persistently more than two standard deviations 
above normal for age. 
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Discussion 

DR. JOHN A. WALDHAUSEN (Hershey, PA): I believe we 
owe thanks to Dr. Sade for bringing this very im- 
portant subject to our attention. Restenosis of coarc- 
tation of the aorta following end-to-end anastomosis 
in infants is indeed a very important problem and 
has occurred in 30 to 40% of patients in many series. 
I have some concerns with the use of plastic material 
for repair in the infant, particularly in regard to the 
long-term durability of Gore-Tex. l | 

For a number of years we have used natural tissue. 
With a longitudinal incision, the subclavian artery is 
prepared as a flap and then sutured into the area of 
coarctation. The vertebral artery is ligated so that a 
subclavian steal syndrome is not produced. The ad- 
vantage of this operation is that the suture lines are 
basically longitudinal, particularly in the area where 
maximum circumferential growth is needed. Only in 
the area past the stenosis is there a very short seg- 
ment of the suture line that is transverse. 

There were 18 patients in our series, 8 less than 3 
months and 10 between 3 and 14 months old. We had 
a 7596 incidence of associated defect. Follow-up was 
as long as fourteen years. Sixteen patients had no 
postoperative gradients and 2 had gradients less than 
10 mm. There were no deaths. 

I would like to ask Dr. Sade one question. How 
large actually is the diameter of the aorta at the 
isthmus after his aortoplasty? Is it large enough for 
an adult? 


DR. JOHN J. LAMBERTI (San Diego, CA): I would like to 
compliment Dr. Sade on an excellent presentation. 
We agree with his indications for operation and be- 
lieve that his data justify his conclusions. We dis- 
agree that patch aortoplasty is the only operation for 
use in infants. Although we have been enthusiastic 
about the use of a Gore-Tex patch in children with 
tubular hypoplasia of the proximal aorta, we have 
achieved very satisfactory results also with end-to- 
end resection and anastomosis in small infants. The 
surgical literature suggests that persistent hyperten- 
sion develops in many infants due to residual coarc- 
tation after repair in infancy. On the other hand, 
many children have done well after resection and 
end-to-end anastomosis of the aorta. 

We believe that it is important to differentiate 
between residual narrowing of the aorta after surgi- 
cal repair and failure of the surgical anastomosis to 
grow with the child. In our noninvasive vascular lab- 
oratory, we have developed a technique for simul- 
taneously measuring blood pressure in all four ex- 
tremities. The test can be performed in infants and 
neonates, as well as older children. Blood pressure is 
obtained at rest and with exercise or stress. In the last 
six months, we have studied 6 infants ranging from 1 
to 15 months old. Preoperative stress arm-to-leg 
systolic pressure gradient averaged 96 mm Hg. Three 
children underwent resection and end-to-end anas- 


tomcsis; none exhibited evidence of a stress gradient 
in tke immediate postoperative period. Three chil- 
dren underwent patch aortoplasty. In 2, there was no 
significant gradient with stress following the opera- 
tion. The third child initially demonstrated a resid- 
ual stress gradient of 60 mm Hg, but sequential 
follow-up indicated progessive decrease of the gra- 
dient to 18 mm Hg four months after operation. 
These data indicate that both techniques are useful in 
the treatment of coarctation of the aorta in infancy. 
Only immediate postoperative study and careful, 
long-zerm follow-up will determine which technique 
allows for optimal relief of obstruction with sub- 
sequent growth of the descending aorta. The surgeon 
must decide at the operating table which procedure 
is appropriate for each individual patient. 


MR. JAROSLAV STARK (London, England): At the 
Thoracic Unit, the Hospital for Sick Children, we 
changed our approach to coarctation of the aorta in 
infancy about two years ago. We now use the subcla- 
vian flap technique, as originally described by Dr. 
Waldhausen, and, to date, have operated on 21 in- 
fants with this method. The technique is easy, pro- 
vices a good lumen, and avoids the use of prosthetic 
mater-al. The late results, as published by Dr. 
Hamilton from Liverpool, are excellent. 


DR. SADE: I would like to thank the discussants for 
their comments. Mr. Stark, the recatheterizations in 8 
of our patients, 4 in each group, were done one to 
three years postoperatively, enough time for 
medium-term stenosis to have developed. 

Dr. wamberti, it may be possible to select infants 
for end-to-end anastomosis in such a way that they 
will remain without gradient for long periods of 
time. We will look forward in future years to hearing 
of the ong-term results of your group of patients. 

Dr. Waldhausen's comments were particularly 
pertinent. The Gore-Tex graft develops a very thin 
neointzma that completely covers the graft. This is 
why I chought this graft would be particularly suit- 
able for use in infants. There is very little, if any, 
narrowing of the graft due to neointima formation. 
But the question that Dr. Waldhausen raises is not 
what xind of plastic graft to use, but whether it ought 
to be used at all. 

In comparing the subclavian artery with Dacron or 
Gore-T=x patch grafts, there are several variables to 
consider. Technically, I find Gore-Tex very easy and 
nice to work with, while technical difficulties can 
arise in dissection of the subclavian artery, and un- 
raveling of the edges of woven Dacron can be a 
problem. The early diameter of the aorta is definitely 
much greater with Dacron and Gore-Tex because the 
size of the subclavian patch is limited by the cir- 
cumference of the subclavian artery. Intimal thick- 
ness with a subclavian artery is, of course, zero, is 


353 Sade, Taylor, and Chariker: Aortoplasty vs. Resection for Coarctation 


very small with Gore-Tex, and is greater with Da- 
cron, raising the possibility of some narrowing of 
the lumen. 

Late complications can occur with all three of these 
materials. Subclavian artery division has been asso- 
ciated with late vascular insufficiency and subclavian 
steal syndrome. Ligation of the vertebral artery is 
therefore necessary in this mutilating operation. 
Both Dacron and Gore-Tex have been associated with 
aneurysm formation. I am satisfied by technical data 
developed by the Gore Company that the new rein- 
forced graft that has been in use for more than three 
years will be resistant to aneurysm formation for over 
one hundred years. 

The potential of luminal growth is the greatest ad- 


vantage of the subclavian artery. We hope that the 
much larger early diameter of the prosthetic graft 
along with growth of the intact posterior aortic wall 
will lead to an aortic lumen that is sufficient for many 
years, perhaps into adulthood. 

In newborn infants, I use a 6 mm graft, which, 
when added to the few millimeters of posterior aortic 
wall, makes an aortic diameter at the level of the 
coarctation of around 8 or 9 mm. It requires some 
growth, though not an enormous amount, for that 
posterior wall to produce a lumen adequate for func- 
tion in adult life. It remains to be seen in the very 
long term, that is, over the next several decades, 
whether the subclavian flap is truly superior to plas- 
tic materials used for grafting the aorta. 


Notice from the Southern Thoracic Surgical Association 


The Twenty-sixth Annual Meeting of the 
southern Thoracic Surgical Association will be 
held at the Hilton Palacio Del Rio Hotel, San 
Antonio, TX, Nov 1-3, 1979. There will be a 
$100 registration fee for nonmember physi- 
clans except for guest speakers, authors and 
co-authors on the program, and residents. 
There will be a Postgraduate Program on Bron- 
chogenic Carcinoma. This meeting has been 
approved for category I CME credit. 


Manuscripts of papers accepted for the pro- 
gram must be submitted to The Annals of 
Thoracic Surgery by October 15, 1979. 

Hotel reservations may be made by writing to 
the Hilton Palacio Del Rio Hotel, 200 South 
Alamo St, San Antonio, TX 78206. (Phone: 
512-222-2481.) 


Richard B. McElvein, M.D. 
Secretary-Treasurer 


Surgical Treatment of Atrial Myxomas: Early and Late 
Results of 11 Operations and Review of the Literature 


James V. Richardson, M.D., Berkeley Brandt, III, M.D., 
Donald B. Doty, M.D., and J. L. Ehrenhaft, M.D 


ABSTRACT Eleven patients underwent surgical ex- 
cision of atrial myxomas during a 15-year period, 
with no hospital deaths. The operation consisted of 
excision of the tumor with a generous portion of 
atrial septum or wall. Patch reconstruction of the 
atrial septum was required in most patients. There 
were 2 late deaths (14 and 121 months after opera- 
tion). Late recurrences have been reported in other 
series but no recurrences were diagnosed in any of 
the patients in this series reexamined by echocar- 
diography 7 to 156 months (mean, 48 months) after 
operation. Late functional results were excellent 
(78%, New York Heart Association Class D. The 
pertinent literature is reviewed. 


Primary cardiac tumors represent 5 to 1096 of all 
neoplasms of the heart, metastatic disease ac- 
counting for the remaining majority [13, 29]. 
Approximately 8096 of primary tumors are be- 
nign. Of these, 5096 are myxomas, and rhab- 
domyomas account for another 20%. Sarcomas 
are virtually the only primary malignant tumors 
of the heart [13, 29]. 

Myxomas are found primarily in the atria. 
Seventv-five percent occur in the left atrium 
[19], although they have also been reported in 
the right atrium [15, 24, 26, 31] and both ventri- 
cles [20, 32]. A left atrial myxoma was success- 
fully removed using cardiopulmonary bypass 
by Crafoord in 1954 [4]. A few years later, suc- 
cessful excisions of myxomas of the right atrium 
were also performed |2, 14, 17]. Since then, ap- 
proximately 150 successful operations for re- 
moval of left atrial myxomas have been reported 
[3, 5, 8-10, 15, 19, 21, 23, 25, 26, 30, 32, 34, 35], 
as have smaller numbers of successful excisions 
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of myxomas from the right atrium [2, 13-15, 24, 
26] and from both ventricles [20, 32]. 

We report on 11 patients with atrial myxomas 
that were surgically excised. Early and late 
clinical results were reviewed in order to de- 
term_ne the clinical course of these patients and 
the :-cidence of late recurrences. 


Material 

Eleven patients with atrial myxomas were sur- 
gicallr treated at the University of Iowa Hospi- 
tals fom July, 1963, through July, 1978 (Table 
1) There were 8 (73%) female patients and 3 
(27%. male patients. They ranged from 14 to 74 
years old (mean, 41 years). Eight tumors (73%) 
were located in the left atrium and 3 (2796), 
in the right atrium. No primary ventricular 
myxomas were encountered, although several 
prolapsed into the ventricular outflow tracts. 
Sever. (6496) of these tumors arose from the 
atrial septum or foramen ovale area, 2 (1896) 
from e atrial wall, and 2 (1896) from the atrio- 
ventricular valve tissue. The sizes of the tumors 
are sF»wn in Table 1. 

Cor:zestive heart failure was the primary clin- 
ical symptom (see Table 1). Nine patients (82%) 
had d';spnea or frank congestive heart failure as 
a result of atrioventricular valve obstruction or 
insuff.ziency. One patient was seen with an 
embolic cerebrovascular accident. Four patients 
(36%; had constitutional symptoms. In 1 of 
them, polyarteritis was suspected, and an 
echocz-diogram was performed for evaluation 
of a pericardial effusion, at which time the 
myxor-a was incidentally discovered. 

Diagnoses were obtained by echocardiogram 
and cardiac catheterization (Table 2). All of the 
patien had correct preoperative diagnoses, 
and nz tumors were found incidentally at oper- 
ation. The 8 patients seen after the development 
of echccardiography all had correct diagnoses 
obtained by this study. Cardiac catheterization 
was pe-formed in 9 (82%) patients. In addition 
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Table 1. Atrial Myxomas 


Patient No., 


Age (yr), Clinical Site of Size 
Sex Location Presentation Origin (cm) Operation Follow-up 
1. 74, F LA CHF, AF, malaise FO 5x7 Survived Well, 7 mo 
2. 67, F LA CHF, MI, murmur AS-FO 3x4 Survived Well, 5 mo 
3. 62, M LA MI, CHF, malaise LA wall 10x 5 Survived Died, MVR, 
14 mo 
4. 16, F LA Fever, arthralgias, FO 2X4 Survived Well, 12 mo 
malaise 
5.38,F LA CVA MV 5X4 Survived Well, 11 mo 
6. 54, F LA CHF, MI, dyspnea FO 7x5 Survived Well, 59 mo 
7.63,M LA CHF, dyspnea FO 4x5 Survived Well, 57 mo 
8. 47, M LA CHF, murmur AS 7x5 Survived Well, 96 mo 
9. 14, F RA Dyspnea, fever FO 6x5 Survived Well, 156 mo 
10. 52, F RA CHF, dyspnea RA wall 6x5 Survived Died, Ca colon, 
121 mo 
11. 64, F RA CHF TV 10 x 4 Survived Well, 14 mo 


LA = left atrium; CHF = congestive heart failure; AF = atrial fibrillation; FO = foramen ovale; MI = mitral insufficiency; 
AS = atrial septum; MVR = mitral valve replacemenz; CVA = cerebrovascular accident; MV = mitral valve; RA = right 


atrium; Ca = carcinoma; TV = tricuspid valve. 


Table 2. Diagnosis of Atrial Myxomas 


Diagnosis 
Patient Catheter- Echocar- Associated 
No. ization diogram Findings 
1 Yes Yes MO 
2 No Yes MI 
3 Yes Yes MI, 2-vessel 
CAD 
4 No Yes None 
9 Yes Yes None 
6 Yes Yes MI 
7 Yes Yes None 
8 Yes No MI 
9 Yes No TI, TO, 
low CO 
10 Yes No TI 
11 Yes Yes TI, RVOTO 





MO = mitral valve obstruction; MI = mitral valve insuffi- 
ciency; CAD = coronary artery disease; TI = tricuspid valve 
insufficiency; TO = tricuspid valve obstruction; CO = car- 
diac output; RVOTO = right ventricular outflow tract 
obstruction. 


to a cardiac tumor, 8 (73%) had atrioventricular 
valve insufficiency or obstruction and 1 (9%) 
had obstruction to the ventricular outflow tract 
(see Table 2). One patient sustained an embolic 
myocardial infarction at cardiac catheterization, 


during which a transseptal left ventriculogram 
was performed. The patient survived, and a 
healing myocardial infarction was seen at op- 
eration. 


Methods 

Surgical excision was performed promptly 
after diagnosis, except in the patient who had 
a myocardial infarction during cardiac cathe- 
terization. That operation was delayed three 
weeks. Excision was performed using car- 
diopulmonary bypass in all patients, and all 
had complete excision of the tumor. In every 
patient with a left atrial myxoma, excision was 
done through a right atriotomy, transseptal ap- 
proach. Of the 7 patients whose tumors were 
attached to the atrial septum, all had extensive 
excision of the attachment and 5 (71%) required 
patch closure of the surgically created defect in 
the atrial septum. Those having atrial wall exci- 
sion had primary closure of the surgically 
created defect. Both patients whose tumors 
arose from atrioventricular valve tissue had 
smaller segments of attachment removed, in 
order to preserve atrioventricular valve func- 
tion. One patient underwent aortocoronary 
bypass grafts to the right coronary and the left 
anterior descending coronary arteries in addi- 
tion to excision of the atrial myxoma. No pa- 
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tient required valve replacement, although 1 
had a mitral valve replacement 14 months later. 

Follow-up data were obtained on all patients 
by personal contact or by review of recent hos- 
pital records. All surviving patients who did 
not have recent cardiac catheterization studies 
underwent echocardiography to detect possible 
recurrence. 


Results 

None of the patients undergoing excision of 
atrial myxoma died in the haspital (see Table 1). 
There was only 1 postoperative complication. 
Nodal bradycardia developed in 1 patient for 
whom a permanent pacemaker was required. 
. There were 2 late deaths. One patient died 
during mitral valve replacement, which was 
done 14 months after the first operation: Death 
occurred when the extremely atherosclerotic as- 
cending aorta dissected suddenly during can- 
nulation. The other patient died of metastatic 
carcinoma of the colon 121 months after opera- 
tion. 

Of the 9 patients (82%) alive 7 to 156 months 
after operation (mean, 48 months), all have 
satisfactory functional results. Seven patients 
(78%) are in New York Heart Association Class 
I, and 2 (22%) are in Class II. One patient has 
systemic lupus erythematosus which is mildly 
incapacitating. Another patient is moderately 
incapacitated from the residual hemiparesis 
due to a preoperative cerebral embolus. A third 
patient has mild mitral insufficiency shown by 
recent cardiac catheterization and has occa- 
sional exertional dyspnea (Class II). 

None of the patients had any evidence of re- 
currence during the follow-up period. Post- 
mortem examination and surgical data from the 2 
patients who died revealed no recurrence. Re- 
cent cardiac catheterization was performed in 1 
patient, 14 months postoperatively, and no evi- 
dence of recurrent atrial myxoma was found. In 
the remaining 8 patients echocardiography 
performed 7 to 156 months postoperatively, re- 
vealed no evidence of recurrent atrial myxoma. 


Comment 
Primary cardiac tumors usually are benign and 
are principally left atrial myxomas [13, 29]. The 


few malignant tumors that do occur are usually 
sarcomas and have poor prognoses. 

Atrial myxomas are associated with a number 
of hemodynamic alterations [11, 12, 16] and can 
cause a variety of symptoms [11, 12, 16]. Con- 
stitut onal symptoms include fever, weight 
loss, anemia, dyspnea, clubbing, arthralgia, 
and chest pain [11, 12, 16]. Hemodynamic 
problems reported to occur with myxomas in- 
clude systemic and pulmonary embolism, atrio- 
ventricular valve obstruction or insufficiency 
[11, 12, 16, 29] and obstruction to the ventricu- 
lar outflow tract [16]. 

Traditionally, diagnosis of cardiac tumors has 
been made by angiocardiography, utilizing a 
variet; of techniques, and by echocardiog- 
raphy Transseptal angiocardiography has been 
used .n a number of centers, but tumor em- 
bolism has been reported with this method 
[27]. An embolic myocardial infarction was 
caused by this technique in 1 of our patients. 
Never-heless, angiocardiography has proved a 
reascrably accurate diagnostic method. Echo- 
cardiozraphy is a safer and probably more 
accurate method of diagnosing cardiac tumors 
[22, 28, 36]. A recent report indicates that two- 
dimensional echocardiography may be even 
more accurate than conventional studies [22]. 
In all of our patients who had preoperative 
echocardiograms, the correct diagnoses were 
made. We agree with Shumacker [33] that 
this method of diagnosis is sufficiently accurate 
to reccmmend operation on these data alone. 
Obviously, this method avoids the possible 
complications of cardiac catheterization and the 
added expense to the patient. _ 

In general, surgical treatment df cardiac 
tumors consists of excision of the primary 
tumor, and usually the site of origin as well. 
Radica. excision of some benign tumors that in- 
cludes- excision of coronary arteries and the 
majority of the atrium has been reported [6]. 
Such excision requires extensive reconstruction 
of atriel and ventricular walls and saphenous 
vein grafts to the excised coronary arteries. For 
atrial myxomas, however, surgical treatment 
usually is confined to excision of the tumor 
with a segment of atrial septum or atrial wall. 
Gerbode and co-workers [10], who were among 
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Table 3. Recurrence of Cardiac Myxomas 
(Collected Series 1967-1978) 


No. of 
Year No. of Recur- 
Author Reported Patients rences 
Read et al [30] 1974 16 19 
(review) 
Hardin 1974 1 1 
et al [15] 
Zackai 1974 ji 1 
et al 137] 
Jugdutt 1975 1 EE. 
et al [18] 
Dang, 1976 a 1 
Hurley [7] 
Sasaki 1977 1 1 
et al [32] 
Brandt 1978 1 1 
etaliil 
Total 22 26 


the first to report recurrent left atrial myxoma, 
recognized the need for wider excision of the 
atrial septum or atrial wall. Since then, most 
surgeons have excised these tumors more ex- 
tensively, and most patients require pericardial 
or Dacron patch closure of the atrial septum or 
atrial wall. Seventy-one percent of our patients 
required reconstruction of the excised avial 
septum. The results of surgical excision have 
been good, with an overall average reported 
operative mortality of about 5% [3, 5, 8-10, 15, 
19, 21, 23, 25, 26, 30, 32, 34, 35]. None of our 
patients died after surgical excision. 
Recurrence of atrial myxomas was recognized 
in 1967 [10]. Since then there have been sev=ral 
reports of recurrence (Table 3) [1, 7, 15, 18, 30, 
32, 37]. Recurrence has occurred as early zs 6 
months following initial excision and up to 90 
months after operation. It probably is a resux of 
inadequate resection, intracardiac implanta- 
tion, multicentric growth, or peripheral em- 
bolization [7, 10, 30]. Additionally, it appears 
that myxomas that do recur can be more agg-es- 
sive. Read and colleagues [30] noted that recur- 
rence occurred 31 months after initial excision 
in the reports they reviewed. Several of the .ni- 
tial tumors, however, had been present syrap- 
tomatically for several years, suggesting a 


shorter time for recurrence than for original 
tumor development. Extraseptal tumors were 
also noted to recur more often, also suggesting a 
more aggressive nature of these tumors. To 
date, 26 recurrences are known to have occurred 
in 22 patients [1, 7, 15, 18, 30, 32, 37] (see Table 
3). Considering the fact that approximately 160 
successfully removed left atrial myxomas have 
been reported [3, 5, 8—10, 15, 19, 21, 23, 25, 26, 
30, 32, 34, 35], the reported recurrence rate 
could be as high as 1496 (22/160 patients). Most 
of the reported series of left atrial myxomas 
have no long-term follow-up; therefore, the 
true recurrence rate is difficult to calculate. It is 
of interest that in the experience of Kabbani 
and Cooley [19], there was 1 recurrence (696) in 
16 patients evaluated late postoperatively. Com- 
bining these data with our complete follow-up 
in 11 patients, the calculated recurrence rate 
would be 496 (1/27 patients). 

Therefore, it can be concluded that excision 
of atrial myxomas can be accomplished safely 
with good results. Diagnosis is accurately made 
by echocardiography and probably is adequate 
to advise operation. Recurrence of atrial myx- 
omas can occur in as many as 1496 of pa- 
tients, but most likely in about 596. It appears 
that extensive resection of the myxoma attach- 
ment to atrial septum or atrial wall can reduce 
the likelihood of recurrence [10, 30]. Recurrence 
can be noted several years postoperatively and 
re-recurrence has also been reported [18, 30]. 
Thus, long-term clinical and echocardiographic 
follow-up is mandatory. 
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Open Lung Biopsy in Diagnosing 
Pulmonary Infiltrates in Immunosuppressed Patients 


John R. Satterfield, Jr., M.D., and Joseph S. McLaughlin, M.D. 


ABSTRACT From July, 1973, to June, 1977, 25 pa- 
tients in an immunosuppressed state from underly- 
ing reticuloendothelial neoplasm or associated che- 
motherapy, underwent open biopsy of the lung at 
the University of Maryland Hospital for diagnosis of 
unilateral diffuse pulmonary infiltrates. Eight pa- 
tients were in marked respiratory distress, 13 in 
moderate distress, and 4 in little or no distress at the 
time of open lung biopsy. 

There were 3 postoperative deaths (12%). The 
operation-related morbidity was 1 out of 25 (4%). 
Two of the patients who died were found to have 
irreversible pulmonary fibrosis secondary to bleo- 
mycin drug therapy. 

The subsequent treatment of all 25 patients was 
influenced by the biopsy findings as follows: up- 
grading the disease stage or establishing treatment 
failure in 11 patients; establishing the presence of 
inflammatory disease in 3 patients; establishing the 
diagnosis of fibrosis associated with drug treatment 


without recurrent disease or infection in 11 patients. - 


The preferability of open lung biopsy as opposed 
to transbronchial or percutaneous techniques is dis- 
cussed. 


The successful treatment of patients with neo- 
plasms by chemotherapeutic agents is one of 
the most important medical achievements of 
the last decade. However, the use of these 
drugs has introduced a new and wide variety of 
pulmonary infections and abnormalities not 
often encountered previously. This is particu- 
larly true in those patients on long-term combi- 
nation chemotherapy for neoplasms of the 
hematopoietic or lymphoreticular systems. In 
these patients, diffuse infiltrative changes in 
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the lung can reflect pulmonary recurrence of the 
underlying neoplastic disease, bacterial, viral, 
or fungal infection, or pulmonary fibrosis sec- 
ondary to the toxic effects of the drugs being 
used. Radiation therapy may add to and further 
confuse this clinical picture. So-called shotgun 
therapy might not only be without value, but, if 
incorrect, can further compromise the patient's 
course. For this reason, it is important to accu- 
rately identify the process as quickly as possible 
and thereby initiate specific treatment. We be- 
lieve that open lung biopsy provides the best 
means to achieve this goal. 


Methods 

Twenty-five consecutive patients in an im- 
munosuppressed state who underwent open 
lung biopsy at the University of Maryland Hos- 
pital form the basis for this study. These pa- 
tients had neoplasms of the lymphoreticular or 
hematopoietic systems, or were undergoing 
combination chemotherapy with or without 
radiation therapy and developed pulmonary 
infiltrates that could not be diagnosed by con- 
ventional noninvasive techniques. The infil- 
trate was bilateral in 17 and unilateral in 8. The 
primary disease processes are listed in Table 1. 
The patients ranged from 6 to 71 years old. 
There were 10 male and 15 female patients. 

In 10 patients (4096) the partial pressure of 
arterial oxygen was less than 60 mm Hg on 
room air. Pulmonary function also was deter- 
mined clinically. Four patients were in mild or 
no respiratory distress, 13 were in moderate dis- 
tress, with dyspnea on any activity, and 8 were 
in marked distress, with dyspnea at rest on 
supplemental oxygen. In 7 patients (2896) the 
platelet count was less than 80,000/mm?. Other 
coagulation factors were within normal limits 
in all but 2 patients. Eight patients (3296) were 
anemic, with hemoglobin below 10.0 mg per 
100 ml. 

All but 1 of the patients were operated on 
under general anesthesia with endotracheal 
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Table 1. Primary Underlying 
Disease in 25 Patients 


No. of 

Disease Patients 
Hodgkin's disease 11 

NS, 6; LD, 2; mixed, 3 
Non-Hodgkin's lymphoma 7 

PDL, 6; histiocytic, 1 
Acute myelogenous leukemia 4 
Lymphangiomyomatosis 1 
Mycosis fungoides 1 
Carcinoma of breast 1 


(on chemotherapy) 


NS = nodular sclerosing; LD = lymphocyte depleted; 
mixed = mixed cellularity; PDL = poorly differentiated 
diffuse lymphoma. 


intubation. Anemia and thrombocytopenia 
were corrected preoperatively by blood and 
platelet transfusion. A limited anterolateral 
thoracotomy was utilized in most instances. 
The automatic stapling device permitted gener- 
ous biopsy specimens, which were examined 
by frozen and permanent section techniques 
and cultured for bacteria, fungi, and tuber- 
culosis. A “touch preparation” was routinely 
performed for Pneumocystis carinii. Chest tube 
. drainage was uniformly employed. 


Results 
During the period covered by this study, 
sputum culture, transtracheal aspirates, and 
bronchoscopy were successful in establishing 
the diagnosis of most bacterial and fungal in- 
fections of the lung. In some patients, tis- 
sue-invasive forms of fungi were found on 
bronchial biopsies taken under direct vision. 
Cultures of bronchial washings demonstrated 
active tuberculosis in another patient. 

The operative mortality was 1296. Two of the 
3 patients who died had deteriorated rapidly 
prior to operation and were found to have ir- 
reversible pulmonary fibrosis secondary to 
bleomycin therapy. Both patients had arterial 
blood oxygen tension of less than 50 mm Hg on 
room air. In addition, 1 of these patients was 
diabetic and had a serum creatinine of 7.0 mg 
per 100 ml and a platelet count of 60,000/mm? 
despite platelet transfusion. The second pa- 
tient, who was 70 years old, was the single pa- 


Table 2. Etiology of the Lung Disease 


No. of 
Lung Disease Patients 
Same as underlying disease 11 
Fungus (Candida albicans)? 1 
Pneumocystis carinii 1 
Bacterial pneumonia 1 
Beniga reactive histiocytosis 1 
Interstitial pneumonitis 3 
Interszitial fibrosis 4 
Marked fibrosis and hyperplasia 2 
consistent with drug toxicity 


Radiazion fibrosis 1 


"In acdition to Candida, cytomegalovirus fluorescent anti- 
body fter was positive. 


tient operated on with local anesthesia. The 
thirc. patient who died had lymphocyte- 
depleted Hodgkin’s disease and had a relapse 
only one month following initial clearing of the 
lungs. In addition to recurrent Hodgkin’s dis- 
ease. he had obstructive airway disease. 

The duration of postoperative hospitalization 
was as follows: 5 to 7 days, 7 patients; 8 to 14 
days, 5 patients; 14 days or more, 10 patients. 
There were 2 complications in the early post- 
oper=tive period. A bronchopleural fistula that 
was definitely related to lung biopsy developed 
in 1 patient. It delayed her discharge, but closed 
while she was being treated as an outpatient. 
Bacterial pneumonia developed in 1 patient 
following lung biopsy. It occurred in associa- 
tion with recurrent pneumothoraces, which 
were treated successfully by chest tube inser- 
tion. . . | 

T*2 etiology of the lung disease established 
by open biopsy is listed in Table 2. Of signifi- 
cancz is the finding of some fibrosis in 11 out of 
14 pztients (7996) in whom the diagnosis was 
either recurrent tumor or infection. In all pa- 
tients, subsequent treatment was influenced by 
the biopsy findings (Table 3). For those patients 
in whom fibrosis was found, drug regimens 
were modified to a maintenance schedule or, in 
somz instances, were discontinued. The most 
symatomatic patients with pulmonary fibrosis 
were often treated successfully with steroids. 

Two of the 3 patients with an infectious eti- 
olog, of the lung infiltrate recovered. The third 
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Table 3. Subsequent Treatment 
Influenced by Biopsy Findings 





No. of 
Treatment Influenced by Biopsy Patients 
Upgrading the disease stage: 4 
chemotherapy 
Establishing treatment failure on one 7 
regimen requiring chemotherapy 
change 
Proving no active parenchymal disease 9 
either infective or neoplastic 
Establishing severe irreversible fibrosis 2 
Pneumocystis carinil 1 
Fungus 1 
Bacterial pneumonia 1 


with pulmonary candidiasis died six weeks 
after biopsy. In those patients in whom recur- 
rent lymphoma or Hodgkin’s disease was found 
in the lung, 5 out of 11 (45%) lived three years 
and 4 were alive and were in remission when 
last evaluated at 39, 40, 41, and 44 months, re- 
spectively, after biopsy. 


Comment 
Pulmonary infiltrates that appear in patients 
who are ina state of immunosuppression either 
in association with neoplastic disease or sec- 
ondary to chemotheraputic agents used in 
treatment, often are life-threatening. Early diag- 
nosis followed by specific treatment can be 
lifesaving. Even when the lung disease is 
recurrent Hodgkin’s disease or lymphoma, 
long-term remission can be accomplished and 
the patient can return to an active life. 

Clinically, recurrent tumor, infection, and 
pulmonary fibrosis associated with chemother- 
apy can have similar findings of fever, non- 
productive cough, and increasing dyspnea. The 
pulmonary process can progress quickly, with 
accompanying rapid deterioration of respi- 
ratory function. Early diagnosis is imperative, 
and specific treatment is necessary because of 
the toxicities of both antineoplastic and anti- 
infective drugs. The probability that incorrect 
drug use can make the patient more suscepti»le 
to the ongoing pulmonary process is substan- 
tial. | 

Diagnostic methods, other than open lung 


biopsy, are effective at times, but have limita- 
tions [4, 6, 8, 11-13]. Percutaneous aspiration 
needle biopsy and transbronchial techniques 
are nonselective. Notable bleeding can occur, 
the small amount of tissue obtained is limiting, 
and the diagnosis is often missed or the find- 
ings are not helpful. For example, those pa- 
tients who have been treated previously with 
mediastinal or mantle irradiation or who are re- 
ceiving chemotherapy often have fibrosis in as- 
sociation with another more active process [6, 
12]. Such was the case in 79% of our patients 
with Hodgkin's disease or lymphoma in whom 
recurrent tumor or an infective process was 
found. The rapidity of progression and the con- 
current decline in clinical status makes hazard- 
ous the delay of 24 to 36 hours necessary for 
evaluating the material obtained by a more 
limited biopsy technique. Urgent and exact 
diagnosis is necessary and can best be obtained 
by open biopsy 15, 9]. 

General anesthesia in these patients is well 
tolerated. Several years ago, Gaensler and 
co-workers [3] pointed out that the functional 
defect is one of oxygen transfer rather than 
obstructive lung disease and can be treated 
by oxygen therapy. Coagulation abnormalities, 
frequently seen in these patients, are most 
commonly due to thrombocytopenia and can be 
corrected by platelet transfusion. The adequacy 
of the response to correction of platelet defi- 
ciency can be safely assessed during the inci- 
sion through the skin and subcutaneous tissue. 
With the use of automatic stapling devices, the 
likelihood of postoperative intrapleural hemor- 
rhage is negligible. Open lung biopsy is well 
tolerated, and the hazard of operation is jus- 
tified by the benefit. 

In contradistinction to findings recently re- 
ported by Leight and associates [9], our patients 
who were found to have pulmonary recurrence 
of the neoplastic disease at biopsy did not have 
an excessive mortality rate. Further, many of 
them have achieved long-term remission. On 
the other hand, those patients with severe fi- 
brosis with fibrotic filling of the alveoli spaces 
secondary to bleomycin toxicity (2 of 25) were 
untreatable, did not improve with steroids, and 
accounted for 2 of the 3 surgical deaths [1, 2, 7, 
10]. These 2 patients were in severe distress 
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when the biopsies were taken and were 
thought to be dying unless some treatable pro- 
cess could be corrected. It seems more reason- 
able to subject such severely ill patients to the 
risk of open lung biopsy even if the findings 
show untreatable disease, than to neglect an 
opportunity to find treatable disease that 
otherwise would prove fatal. 

In summary, in the immunosuppressed pa- 
tient, the appearance of diffuse pulmonary in- 
filtrates can herald the onset of life-threatening 
disease. The prompt diagnosis of the lung le- 
sion can lead to appropriate specific therapy 
with cure or long-term remission. Open lung 
biopsy provides the best way of making this 
diagnosis because it allows the selection of the 
site or sites of biopsy if the process is in varying 
stages of progression and thereby makes a 
nonspecific finding of pulmonary fibrosis more 
certain. Further, the danger of severe hemor- 
rhage is negligible. General anesthesia itself 
does not appear to add notably to the risk. 
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Treatment of Inoperable Lung 
Carcinoma: A Combined Modality Approach 
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ABSTRACT Twenty-four patients with inoperable 
lung carcinoma other than of the small cell type who 
received cis diamminedichloro platinum (ID-based 
combination chemotherapy were further treated 
with all available treatment modalities: radiation 
therapy, lung resection, chemotherapy, and immu- 
notherapy. There were 2 operative deaths, and 2 pa- 
tients died 6 and 8 months postoperatively of cardiac 
causes. Postmortem examination on these 4 patients 
revealed no evidence of residual tumor. The re- 
maining 20 patients are alive 7 to 33 months from the 
onset of chemotherapy and 4 to 27 months following 
lung resection. These results, although preliminary, 
are encouraging, and further study is in progress. 


In spite of recent progress, the only curative 
therapy for lung carcinoma that is not of the 
small cell variety remains lung resection [10]. 
Since 1976, various cis diamminedichloro 
platinum (IJ) (DDP)-based combination 
chemotherapies have been given as primary 
treatment of inoperable lung carcinomas not of 
the small cell type, and response rates of 18.2 to 
65.7% have been observed. The responders 
were further treated with a combination of all 
available treatment modalities: operation, che- 
motherapy, radiation therapy, and immuno- 
therapy. Our experience is summarized in this 
report. 
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Material and Methods 

One hundred twenty-eight patients with inop- 
erable lung carcinoma other than of the small 
cell type were treated with cis diammine- 
dichloro platinum (II) (DDD)-based combi- 
nation chemotherapy regimens. Regimen A 
consisted of DDP, adriamycin (ADM), Cytoxan 
(cyclophosphamide) (CTX), and vincristine 
(VCT) [2, 12]; Regimen B1, DDP, ADM, and VCT 
[12]; Regimen B2, DDP, 1-(2 chloroethyl)-3- 
(cyclohexyl-1-nitrosourea) (CCNU), and VCT 
[12]; Regimen B3, DDP, CTX, and VCT [12]; Reg- 
imen C, DDP, ADM, CTX, CCNU, and VCT 
(12, 13]; and Regimen D, DDP, ADM, CTX, 
CCNU, VCT, and methotrexate. 

Regimen A gave a response rate (more than 
50% regression of the lesion) of 20.4% (10 of 49 
patients), and in 3 patients the lesion became 
resectable. Regimen B1 gave a response rate of 
27.396 (3 of 11), and 2 patients became resecta- 
ble. Regimen B2 gave a response rate of 18.896 
(3 of 16) and 2 patients became resectable. Reg- 
imen B3 gave a response rate of 18.2% (2 of 
11), but none became resectable. Regimen C 
gave a response rate of 65.7% (23 of 35), and 12 
patients became resectable. Regimen D gave a 
response rate of 33.396 (2 of 6), and 2 patients 
became resectable. 

In 2 patients following Regimen C, the lesion 
remained static and the general condition of the 
patients appeared improved while on chemo- 
therapy. In another patient also following 
Regimen C, the disease progressed while the 
patient was being treated with chemotherapy, 
but subsequent radiation therapy reduced the 
size of the tumor considerably. These 3 patients 
also had radical lung resection. Thus, a total of 
24 patients originally considered to be inopera- 
ble, following chemotherapy, underwent lung 
resection. 

The age of these 24 patients ranged from 43 
to 66 years (median, 57.5 years), and all but 4 
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were men. Ten patients had squamous cell 
carcinoma, 7 had adenocarcinoma, 3 had 
bronchioalveolar carcinoma, 3 had large cell 
carcinoma, and 1 had mixed adenosquamous 
cell carcinoma. Six patients had undergone pre- 
vious exploratory thoracotomy, and the lesion 
was found to be unresectable prior to chemo- 
therapy. 

One patient had Stage II squamous cell car- 
cinoma and was originally thought unable to 


survive a right pneumonectomy because of. 


poor pulmonary function with a maximum 
breathing capacity of 25% (42.3 liters per min- 
ute) [4]. After 2 courses of chemotherapy, the 
tumor size decreased and the more conservative 
lung resection became possible. The patient 
subsequently had a right upper lobectomy. The 
other 23 patients had Stage III disease [1]. In 13 
the disease was limited to the hemithorax, and 
in 10, it was disseminated. One patient with 
brain metastasis received a course of radiation 
therapy followed by excision of a metastasis by 
a craniotomy before lung resection was done. 
Two patients with apparent solitary bone 
metastasis received additional localized radia- 
tion therapy to the area before lung resection. 
The patients received 2 to 12 courses (me- 
dian, 3 courses) of chemotherapy preopera- 


tively at 4- to 6-week intervals in a 2- to 16- 
month period (median, 3 months). Preoperative 
reevaluation studies included complete blood 
count. blood chemistries, bone scan, tomo- 
grams of the chest, pulmonary function, bron- 
choscopy, and liver scan. Lung resection was 
advis=d to the patients when all evidence of the 
disease became apparently resectable. 

To -ecover from the side-effects of chemo- 
therapy, the patients had a waiting period be- 
fore thoracotomy of at least 3 weeks after the 
administration of the last treatment. The aim of 
thoracotomy was to remove all visible evidence 
of tumor by lung resection, lymph node dissec- 
tion, and resection of structures invaded by the 
tumor. 

Pos-»peratively, the patients received 3 ad- 
ditional doses of chemotherapy alternating 
with immunotherapy consisting of lung tumor- 
associated antigen and complete Freund's ad- 
juvant [11]. 


Results 

Lobec-omy was done in 9 patients (Tables 1, 2). 
In 2 additional patients, lobectomy was com- 
bined with chest wall resection. One patient 
underwent a middle lobectomy, bilateral me- 
diastinal node dissection, and excision of 


Table 1. Therapy and Survival Data for Patients with Squc -nous Cell Carcinoma 


Survival 
(mo) 
From From 

Patient Chemo- Lung Lung Radical 
No. TNM? therapy Resection Status Resection Procedures 

1 301 14 11 Living P x 

2 201 14 11 Living L t 

3 200 11 8 Living L e 

4 22 9 7 Living ps + 

5 121 1I 6 Dead* L pe 

6 220 9 6 Living P + 

7 320 9 6 Living p? + 

8 220 8 6 -Living P + 

9 300 9 4 Living L + 
10 320 2 0 Dead‘ P + 


*TNM system for cancer staging: T = primary tumors; N = regional l5mph nodes; M = distant metastasis. 


°Grossly incomplete resection. 
* At postmortem examination, no evidence of tumor. 


P = pneumonectomy; L = lobectomy. 
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Table 2. Therapy and Survival Data for Patients with Other Cell Types of Cancer 





Survival 
(mo) 
From From 

Patient Chemo- Lung Lung Radical 
No. TNM? Cell Type therapy Resection Status Resection Procedures 

1 320 Adeno 29 27 Living P + 

2 320 Large 20 18 Living p + 

3 320 Ad-Squ 21 18 Living P + 

4 3421 Br-Al 33 17 Living p + 

5 321 Br-Al 24 17 Living L - 

6 300 Large 17 15 Living L’ = 

7 300 Large 15 10 Living L + 

8 321 Adeno 14 9 Living p“ - 

9 221 Adeno 11 8 Dead“ L + 
10 320 Adeno 12 8 Living P + 
11 321 Adeno 10 7 Living b^ + 
12 201 Adeno 9 5 Living L -= 
13 2x4 1 Br-Al 7 4 Living L + 
14 221 Adeno 4 0 Dead“ L = 


c SLALU 


TNM system for cancer staging: T = primary tumors; N = regional lymph nodes; M = distant metastasis. 


"Grossly incomplete resection. 
“At postmortem examination, no evidence of tumor. 
"Bilateral lung lesions removed by median sternotomy. 


Adeno — adenocarcinoma; P — pneumonectomy; Large — large cell; Ad-Sq 


chioalveolar; L = lobectomy. 


metastatic neck nodes. One patient with a 
tumor of the superior sulcus underwent upper 
lobectomy and a thorough cauterization of the 
involved chest wall. 

Ten patients had a pneumonectomy with 
mediastinal node dissection. Some also had in- 
trapericardial ligation of the pulmonary vessels. 

In 1 patient, partial resection of the superior 
vena cava was done. In 5 patients, the resection 
was grossly incomplete. 

One patient with bronchioalveolar carcinoma 
underwent local excision of bilateral multiple 
lung tumor foci by a median sternotomy. 

There were 2 postoperative deaths: 1 patient 
died of cardiac arrest from an undetermined 
cause in the recovery room and another of 
pneumonia. Three patients required tracheos- 
tomy because of pulmonary infection and respi- 
ratory failure. One patient had hemiplegia due 
to a cerebrovascular accident in the immediate 
postoperative period; but at the time of writing 
she was able to walk. 

There were 2 deaths 6 and 8 months post- 
operatively: 1 patient died of acute coronary 


u — mixed adenosquamous; Br Al — bron- 


artery occlusion and the other, of right heart 
failure. Postmortem examination was done on 
all 4 patients, and there was no evidence of re- 
sidual tumor. 

The remaining 20 patients are alive 7 to 33 
months from the onset of chemotherapy and 4 
to 27 months following lung resection. Of these 
20 patients, 5 are alive with evidence of disease 
4, 7, 8, 11, and 27 months postoperatively. 
Eleven patients are receiving postoperative 
chemoimmunotherapy, and 9 patients have 
completed the full course of the treatment. Two 
illustrative case reports follow. 


Patient 1 
A 52-year-old man had a left thoracotomy in 
April, 1977. The operative report describes “a 
tumor 6 cm. in diameter invading the wall of 
the descending thoracic aorta over a 5-6 cm. 
length. The mass was invading the pericardium 
and the left atrium. In addition to that, it was 
extensively adherent to the esophageal muscle" 
(Fig 1A). 

The patient was referred to Roswell Park 


366 The Annals of Thoracic Surgery Vol 28 No 4 


A 


Fig 1. (A) Lateral chest roentgenogram showing a large 
lesion in the lower lobe. (B) After 2 courses of chemo- 
therapy, the lower lobe lesion is no longer visualized. 


Memorial Institute in May, 1977. Two courses 
of chemotherapy with DDP, ADM, and VCT 
were given, and the lesion was no longer visi- 
ble on chest roentgenogram (Fig 1B). On July 
13, 1977, a repeat left thoracotomy and pneu- 
monectomy were done. The tumor this time 
measured 2 cm in diameter and was adher- 
ent to the pericardium, but free from the aorta, 
esophagus, and atrium. Postoperatively, the 
patient received 3 more doses of the same che- 
motherapy and tumor vaccine. He is doing well 
without recurrence (Table 2, Patient 2). 


Patient 2 
A 53-year-old man was found to have bilateral 
lung lesions following hemoptysis (Fig 2A). 
Bronchoscopy revealed a lesion of the superior 
segment of the right lower lobe, and blood at 
the orifice of the left upper lobe. Cytological 
findings from right bronchial washings were 
positive for squamous cell carcinoma (Table 1, 
Patient 2). 

The patient received 3 courses of chemother- 
apy with DDP, ADM, CTX, CCNU, and VCT. 





October 1979 






ie i 77 i 
B 


Repeat bronchoscopy, chest roentgenogram, and 
tomogram showed complete disappearance of 
the right lung lesion (Fig 2B). On February 27, 
1978, the patient underwent a left upper lobec- 
tomy for squamous cell carcinoma. Postopera- 
tively. he received 3 more doses of chemother- 
apy alternately with tumor vaccine. At present, 
the patient is doing well without recurrence. 


Comment 

The more conventional therapy for inoperable 
lung carcinoma not of the small cell type is radi- 
ation therapy. However, there has been no re- 
port proving significant superiority in survival 
of patients who received radiation therapy 
compared with the control group in a ran- 
domized study [3, 7]. Moreover, preoperative 
radiation therapy did not improve resectability 
or postoperative survival compared with the 
control group [9]. 

Chemotherapy for treatment of lung car- 
cinoma other than of the small cell type is still 
aimed at "temporary reduction in tumor size, 
symptomatic improvement and prolongation of 
survival” [8]. For the past three years, we have 
chosen chemotherapy rather than radiation 
therapy as the primary mode of treatment for 
patients with inoperable lung carcinoma that is 
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Fig 2. (A) Chest roentgenogram showing lesions of the 
left upper lobe and right lower lobe. (B) After 3 ccurses 
of chemotherapy, the right lower lobe lesion is not 
visible. 


not of the small cell variety because radiation 
therapy does not seem to prolong the survival 
and subsequent chemotherapy appears less ef- 
fective in patients who have been exposed to 
previous radiation therapy. 

Since starting clinical trials with DDP-based 
combination chemotherapy, we have begun to 
observe occasional responses of good quality. 
In some of the patients, the lesion becomes ap- 
parently operable. Since the only known cura- 
tive therapy is lung resection, those patients 
with chemotherapy response underwent lung 
resection whenever possible. Following lung 
resection, the patients were given 3 more doses 
of the same chemotherapy, alternately with 3 
doses of tumor vaccine. The tumor vaccine 
consists of allogeneic pooled lung tumor- 
associated antigen mixed with complete 
Freund’s adjuvant and is injected intradermally 
[6]. This tumor vaccine has been reported to be 
effective in improving survival in patients with 
Stage I and Stage II lung carcinomas in a ran- 
domized study [11]. 

The question can be raised that if effective 
chemotherapy is continued instead of lung re- 
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section, will the tumor eventually disappear. 
There is increasing evidence that a neoplasm 
consists of a heterogenous cell population [5, 
14]. It is our opinion that presently available 
chemotherapeutic agents are not effective 
enough to destroy all the neoplastic cells and, 
that, eventually, the surviving resistant tumor 
cells will proliferate and cause chemotherapy 
failure. 

Therefore, it is logical to remove all tumors 
from the body whenever feasible. As evidence, 
we observed that chemotherapy is more effec- 
tive against metastatic lesions; and the meta- 
static lesions are histologically more poorly 
differentiated compared with the primary le- 
sion. Our results, although preliminary, are en- 
couraging, and further study is in progress. 


References 


1. American Joint Committee for Cancer Staging 
and End Results Reporting: A clinical staging 
system for carcinoma of the lung. Chicago, 1973 

2. Bjornsson S, Takita H, Kuberka N, et al: Com- 
bination chemotherapy plus methanol extracted 
residue of bacillus Calmette-Guerin or Cory- 
nebacterium parvum in stage III lung cancer. 
Cancer Treat Rep 62:505, 1978 

3. Brashear RE: Should asymptomatic patients with 
inoperable bronchogenic carcinoma receive im- 
mediate radiotherapy? No. Am Rev Respir Dis 
117:411, 1978 

4. Didolkar MS, Moore RH, Takita H: Evaluation of 


368 The Annals of Thoracic Surgery Vol 28 


the risk in pulmonary resection for bronchogenic 
carcinoma. Am J Surg 127:700, 1974 

5. Fidler ZJ: Tumor heterogeneity and the biology 
of cancer invasion and metastasis. Cancer Res 
38:2651, 1978 

6. Hollinshead AC, Stewart THM, Herberman RB: 
Delayed hypersensitivity reaction to soluble 
membrane antigens of human malignant lung 
cells. J Nat Cancer Inst 52:327, 1974 

7. Roswit B, Liberson S, Ohanian M, et al: Survival 
with inoperable lung cancer. NY State J Med 
76:560, 1976 

8. Selawry OS: The role of chemotherapy in the 
treatment of lung cancer. Semin Oncol 1:259, 
1974 

9. Shields TW: Preoperative radiation therapy in 
the treatment of bronchial carcinoma. Cancer 
30:1388, 1972 

10. Shields TW, Ritts RE Jr: Bronchial carcinoma. 
Springfield, IL, Thomas, 1974, pp 92-133 

11. Stewart THM, Hollinshead AC, Harris JE, et al: 
Specific active immunotherapy in lung cancer: a 
survival study. Can J Surg 20:370, 1977 

12. Takita H, Hollinshead AC, Bjornsson S: Che- 
motherapy, surgery and immunotherapy of in- 
operable lung cancer. ASCO Proceedings 19:319, 
1978 

13. Takita H, Marabella PC, Edgerton F, et al: cis 
diamminedichloro platinum (II), adriamycin, 
cyclophosphamide, CCNU and vincristine 
(PACCO), in non-small cell lung carcinoma: A 
preliminary report. Cancer Treat Rep 63:29, 


1979 
14. Zubrod CG: Selective toxicity of anticancer drugs 


(presidential address). Cancer Res 38:4377, 1978 


Discussion 

DR. EDWARD J. BEATTIE, JR. (New York, NY): I read 
Dr. Takita's paper with great interest and was most 
impressed to see that 24 of 128 patients clinically in 
Stage III responded objectively to the chemotherapy 
protocol. I was also pleased to see that the TNM sys- 
tem of staging was used. I believe strongly that the 
TNM system for staging lung cancer should be man- 
datory for papers presented at meetings such as this 
and in published papers. 


No 4 October 1979 


I have one query. Six of 24 patients were staged as 
N- (dash). Since these patients underwent a thor- 
acotomy, what does the N- mean? 

In che series, 11 operative survivors were staged as 
MO and 11 as MI. I believe it is helpful that survival 
statistics be grouped by the stage of disease. Our 
experience is that there is a significant difference 
between MO and MI. The Japanese lung staging sys- 
tem groups M1 as Stage IV, rather than combining it 
with MO as Stage III, as do the Americans. Few pa- 
tients in the M1 group are long-term survivors 
whereas there are a considerable number of N2 MO 
survivors. Twenty of the present patients survived 
up to 17 months, with a median survival rate of 8.5 
months, although 5 were alive with disease. This is a 
significant improvement. I would like to see the fig- 
ures expressed in a survival curve. 

At Memorial Hospital, 80 patients with lung cancer 
with gross mediastinal disease had a median survival 
rate of only 6 months with conventional and external 
radiotherapy, and 9596 were dead at 12 months. With 
the addition of internal radiation therapy at Memo- 
rial Hospital for these patients, 85% were alive at 9 
months and there was an approximate survival rate 
of 3095 at two years. 

The present data strongly suggest that with effec- 
tive chemotherapy and operation (and I believe with 
the addition of internal radiation therapy), we may 
change strikingly the survival time for patients with 
Stage III lung cancer. 


DR. TAKITA: In answer to Dr. Beattie's question, I de- 
leted the classification of N- (dash) for some patients 
because I was not sure at the beginning of treatment 
whether the patient had lymph node metastases or 
not. Many of the patients did not undergo medias- 
tinoscopy. 

I think we know that radiation therapy does not 
appear to prolong survival in patients with lung 
cancer, except those with Pancoast's tumor or very 
localized tumors. On the other hand, the results of 
chemo-herapy are still unknown, and I am interested 
in using it as the primary treatment until results can 
be com pared with those of irradiation. 






GORE-TEX X roinforod 
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Operation type Implanted 


Above-Knee 


























Fem-pop 1740 1526 
Ilio-fem 153 145 
Ilio-pop 58 54 
Fem-fem 105 98 
Pop-segmtl 14 ll 
Aorta-pop 21 16 
Aorta-fem 133 128 
Axil-fem 143 132 
Axil-bifem 3] 3l 
Aorto-iliac 9 5 
Fem-profunda 14 11 
Axil-pop 19 17 
Iliac-fem 2 l 
Iliac-pop 10 7 
Others 4 2 


Group Totals 
Below-Knee 
Fem-dist-pop 958 
Fem-ant-tibial 
Fem-post-tibial 
Fem-peroneal 
Aorta-ant-tib 
Ileo-post-tib 
Ileo-pop 
Fem-dorsalis ped 
Aorto-dist pop 
Iliac ant-tib 
Axil-dist-pop 
Iliac-dist-pop 
Pop-post-tib 
Other 
Group Totals 1604 123 
Cross-over Grafts 
Fem-fem 185 176 
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ga Fem-pop 37 33 
|a Fem-profunda fem 3 3 
Axil-fem 6 6 
Fem-distal pop l ] 
Others 4 3 
Group Totals 236 222 






Composite 








C-fem-distal-pop Pi 
C-fem-ant-tib k 3 
C-fem-post-tib 14 13 
C-fem-peroneal 4 4 
Group Totals 30 29 
AV Fistulae 49 416 
Forearm 504 478 
Upper arm 370 352 
Arm à 49 39 
Leg 101 OR 
Group Totals 1520 1383 
Pulmonary Gra 
Aorta-pulm shunt 57 48 
Pulm reconstrts 3 2 
Subclav-pulm l l 
Group Totals 61 5] 
Other Arterial Grafts 
Renal artery 18 17 
Axil-axil 33 33 
Carot-subclav 52 50 
Aorto-coronary 15 11 
Aorto-renal 25 23 
Others 64 62, 
Group Totals 207 196 
Venous Grafts 8 34 


Number Number 
Patent 


Summary of Clinical Data, as of September 25, 1978. 


Avg. Months Months 
Weighted Maximum 
Experience 


96 


Patency 





Experience 








3.6 34 
4.1 22 
ih 18 
2.3 20 
lo 17 
2.4 14 
6.4 29 
E 14 
3.7 16 
20 6 
1.9 15 
55 16 
3.5 7 
6.0 24 


2.6 38 
E 22 
0.0 0 
1.2 6 
3.0 5 
3.0 12 
4.8 7 
3.2 8 
11.0 13 
0.5 l 
0.5 l 
«0.5 l 


6.2 30 
2.2 24 
2.3 7 
3.0 16 
7.0 7 
<05 2 
5.4 30 


0.8 18 
3.6 20 
0.7 10 
1.0 18 
2.3 22 
3.4 27 
0.0 0 
1.0 l 
3.1 27 
10.7 30 
4.1 18 
8.9 31 
2.3 17 
4.0 26 
3.2 29 
9.9 3l 
7.8 42 


fasc hee 143 135 3496 50 30 


Totals, All Operations 
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In 1977, we said: "It is time 
to consider GORE-TEX reinforced 
polytetrafluoroethylene (PTFE) 
vascular grafts as a viable alterna- 
tive to saphenous vein autografts! 

Has experience borne out that 
claim? Let's take another look. 


gem, 
m works. " 


If anecdotes were data, 
we'd have no trouble proving 
this point. Most surgeons who 
have used our grafts are high in 
their praise. 

It is, in the majority opinion, 
the first such graft to come close 
to the promises made for it. 

It is, according to observations 
and recent in vitro studies, 
relatively thromboresistant. And, 
when a thrombus forms, it is easy 
to de-clot. 

It is, according to theory but 
not yet confirmed by data, less 
likely to present embolism prob- 
lems later. (A thin, stable intima 
forms. Whether it's a neointima, 


pseudointima, or true endothelium 


is open to debate— but the thin- 
ness is the key to logic of 
the theory.) 

It is, in its reinforced form, 
much more resistant than other 


į versions of expanded PTFE to 


aneurysmal dilatation. It has high 
radial or bursting strength and 
high suture-holding power. 

And it is easy to handle and 
use. Unlike woven or knitted 
grafts, it will not ravel or 
fray. And it does not require 
pre-clotting. 

But is it, as we stated earlier, 
a viable alternative to the 
saphenous vein? 

Yes, if. 

Yes, if there is no vein 
available. 

Yes, if the vein is "borderline" 
either in size or condition. 

Yes, if the patient's condition 
is such that a prolonged exposure 


to anaesthesia, or even to the delay 
in providing the vein, is critical. 

Yes, if there is the likelihood 
of cardiac surgery, for which the 
saphenous vein should be saved. 

Given those indications, the 
GORE-TEX graft is, indeed, a 
viable alternative to the saphenous 
vein. But unless those conditions 
exist, prudence and experience 
make the sapaenous vein the graft 
of choice. 





Arteriograrr of a GORE-TEX polytetra- 
fluoroethylene g-aft during flexion of the knee. 
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As of September 25, 1978, 
there were epproximately 
60,000 GORE-TEX vascular graft 
implants, with over 6,000 follow 
ups. The overall patency rate 
was 8796. 

Those data, sliced into what 
we hope are useful pieces, are 
presented ir. Table at left. 

A close book at the data will 
reveal one problem: average 
follow-up times: 

They're zoo short. 

The pro»lem is two-fold. 

First, we are, of course, 
dependent cn the voluntary coop- 
eration of surgeons for our follow- 
up data. And we know that if you 
were to provide all the data that 


all manufacturers wanted, you 
would have to spend all of your 
hours filling out follow-up forms. 
And, of course, even if you had the 
time, you can't keep up with all 
patients over a period of years. 
The second part of the 
problem is statistical. The use of 
GORE-TEX grafts is increasing so 
rapidly that we will, for a long 
time to come, have a far greater 
number of recent implants than 
of old ones. (For every GORE-TEX 
graft implant used three years ago, 
there are almost 100 used today. 
Our current reported rate-of-use is 
approximately 5,000 per month.) 
This necessarily skews our 
data average toward the more 
recent history. Which is also true 
for a life table method of data 
presentation. Even though the 
maximum experience reported in 
each category is in the two-to-three 
year range, the weighted averages 
are more like two-to-three months. 


On the last page of this 
advertisement, you'll find a bibli- 
ography of published experimen- 
tal and clinical reports on the use 
of GORE-TEX vascular grafts, and 
a coupon for your convenient use. 

One problem is that we know 
the list is not current. Additional 
papers are always being delivered, 
and published. If you would like 
us to keep you up-to-date as new 
reports appear, check the appro- 
priate box on the coupon. 

A more basic problem with 
these data, and ours, and all 
vascular statistics is the lack of 
uniformity in reporting. We're 
supporting efforts to establish 
some profession-wide protocols 
begun with a symposium at the 
1978 meeting of the American 
College of Surgeons. If you have 
any suggestions at all, we'd appre- 
ciate them. Just write to us. 


GORE-TEX 
vascular grafts, 
in brief. 


GORE-TEX vascular 


grafts are made of expanded, low- 


density polytetrafluoroethylene 
(PTFE), reinforced by a strong, 
fine lattice of the same material 
wound about the exterior. 

GORE-TEX vascular grafts 
are easy to handle, with excellent 
resistance to kinking. And they 
exhibit high suture-holding 
power. They are, of course, fully 
biocompatible and, unlike 
knitted or woven prostheses, do 
not require pre-clotting. 

GORE-TEX vascular grafts 
for vascular surgery are available 
in a wide range of diameters. 

See next page for free 
GORE-TEX graft test-pack and 
complete bibliography, available 
as reprints. 


Free test-pack, 
reprints. 

Submit the handling and 
suture-holding characteristics 
of GORE-TEX grafts to the most 
meaningful test equipment: your 
own hands. Our test kit, not 
intended for actual surgery, 
includes a short length of a 
GORE-TEX graft and a 6-0 
double-armed suture. Try it for 
yourself. Also, take your choice of 
reprints of any of the experi- 
mental, clinical, and engineering 
reports listed. 


Current bibliography. 

1. Nonvein Bypass in Below-Knee Reoperation 
for Lower Limb Ischemia Steven J]. Burnham, 
M.D., D. Preston Flanigan, M.D., James J. 
Goodreau, M.D., James S. T. Yao, M.D., Ph.D., 
and John J. Bergan, M.D., Chicago, Ill. Surgery, 
Sept., 1978 

2. Expanded Polytetrafluoroethylene as Dialysis 
Access Grafts: Serial study of Histology and 
Fibrinolytic activity R. Shack, M.D., W. Neblett, 
M.D., R. Richie, M.D., R. Dean, M.D. 

The American Surgeon Dec. 1977 

3. A Prosthesis For Blood Access In Patients with 
Thrombosis of Peripheral Vasculature 

T. Buselmeir, M.D., J. Rynasiewicz, M.D., 


D. Sutherland, M.D., R. Howard, M.D., T. Davin, 


M.D., S. Mauer, M.D., R. Simmons, M.D., 
J. Najarian, M.D., C. Kjellstrand, M.D. Dialysis 
and Transplantation August 1977 


4. A Synthetic Vascular Conduit (Expanded PTFE) 


For Hemodialysis Access — A Preliminary Report 
B. Pasternak, M.D., S. Paruk, M.D., S. Kogan, 
M.D., S. Levitt, M.D. Vascular Surgery 
Mar/April 1977 


5. Polytetrafluoroethylene Grafts fer 
Arteriovenous Fistulae A. Mohaideen, M.D., 
M. Avram, M.D., R. Mainzer, M.D. N.Y. State 
Journal of Medicine Dec., 1976 


6. Arterial Prosthesis of Microporous Expanded 
Polytetrafluoroethylene for Construction of 
Aorta-Pulmonary Shunts A. Gazzaniga, M.D., 

J. Lamberti, M.D., R. Siewers, M.D., D. Sperling, 
M.D., W. Dietrick, M.D., R. Arcilla, M.D., 

R. Replogle, M.D. Journal of Thorecic and 
Cardiovascular Surgery Sept., 1976 


7. The Use of Expanded Microporous Polytetra- 
fluoroethylene for Limb Salvage: A Preliminary 
Report C. Campbell, M.D., D. Brooks, M.D., 
M. Webster, M.D., H. Bahnson, M.D. Surgery 
May, 1976 


8. Small-Vessel Replacement with GORE-TEX 
(Expanded Polytetrafluoroethylene! A. Florian, 
M.D., L. Cohn, M.D., G. Dammin, M.D., 

J. Collins, M.D. Archives of Surgery March, 1976 


9. A Small Arterial Substitute: Expanded 
Microporous Polytetrafluoroethyleme: Patency 
Versus Porosity C. Campbell, M.D , D. Goldfarb, 
M.D., R. Roe, M.D. Annals of Surgery 

August, 1975 


10. Segmental Venous Replacement D. Smith, Lt. 
Cmdr. (MC) USN, J. Hammon, M.D, J. Anane- 
Sefah, M.D., R. Richardson, M.D., ©. Trimble, 
M.D. Journal of Thoracic and Cardiovascular 
Surgery April, 1975 

11. Replacement of Portal Vein Durmg 
Pancreatectomy for Carcinoma L. Morton, M.D., 
B. Eiseman, M.D. Surgery February, 1975 


12. Use of GORE-TEX Grafts for Replacement 
of the Superior and Inferior Venae Cavae 

Y. Fujiwara, M.D., J. Cohn, M.D., D. Adams, 
M.D., J. Collins, M.D. Journal of Taoracic and 
Cardiovascular Surgery May, 1974 


13. A New Vascular Prosthesis for Small Caliber 
Artery FI. Matsumoto, M.D., T. Hasegawa, M.D., 
K. Fuse, M.D., M. Yamamoto, M.D.. M. Saigusa, 
M.D. Surgery October, 1973 


14. A New Venous Prosthesis T. Soyer, M.D., 
M. Lempinen, M.D., P. Cooper, L. Norton, M.D., 
B. Eiseman, M.D. Surgery December, 1972 


15. Summary of Clinical Evaluation Data, 
May, 1977 W. L. Gore & Associates, *nc. 


16. Long-Term Dilatation Character:stics of 
GORE-TEX Vascular Grafts: Design Criteria 
W. L. Gore & Associates, Inc. 


Indications 
and 
Contraindications. 


To sterilize: 

Grafts may be sterilized using steam, gas 
or flash autoclave techniques. F.emove the 
graft from the PVC blister tray and 
repackage for sterilization. Do not place 
the package label in contact with the graft 
during sterilization. Do not place objects 
on the repackaged graft during steriliza- 
tion. (See Contraindication #5, 5) 

Using steam, autoclave at or above these 
minimum requirements: 250° Fahrenheit 
(121° Centigrade) for 20 minutesat 15 p.s.i. 
Grafts should never be exposed to 
temperatures greater than 482? Fahrenheit 
(250? Centigrade). 

Using a flash cycle, sterilize at or above 
these standard minimum requ-rements: 
270? Fahrenheit (132? Centigrade) for 
3 minutes at 30 p.s.i. Grafts should never 
be exposed to temperatures greater than 
482° Fahrenheit (250° Centigrade). 

Using gas, sterilize according to 
equipment instructions. 


Indications: 

1. Use a 5-0 or 6-0 nonabsorbable suture 
with a cardiovascular needle for best 
results on graft diameters of 6mm or less. 
Larger sutures may be used with larger 
diameter grafts. 

2. Intra-operative inspection of 
anastomoses using irrigant solutions may 
result in serum leakage when blood flow 
is established in the graft. To prevent 
this, care must be taken not to generate 
syringe pressures sufficient to force 
rel iT yy hey a the graft walls. To do so 
will alter the hydrophobic (non-wetting) 
properties of GORE-TEX. (See Contra- 
indication #11) 

3. Trim grafts to desired length using 
sharp surgical instruments. Grafts should 
be handled with clean forceps or gloves. 
GORE-TEX grafts are not "elastic" There- 
fore, proper matching of lengths is 
essential. If the graft is cut too short, 
excessive stress may be placed on the 
sutures and the graft at the anastomosis. 
(See Contraindication #10) 

4. Ensure, when using this graft in blood 
access applications or where repeated 
needle punctures of the graft are necessary, 
that needle puncture sites are spaced apart 
along the accessible sub-cutaneous length 
of the graft. Repeated needle puncture of 
the graft at the same site, or within the 
same immediate area, may cause me- 
chanical damage to the graft which could 
lead to hematoma, false aneurysm or true 
aneurysm. Patients should be carefully 
monitored to assure that this instruction 
is followed. 

Contraindications: 

1. Do not pre-clot the graft. 

2. Do not sterilize by irradiation 
techniques. 

3. Grafts should never be exposed to 
temperatures exceeding 482° 
Fahrenheit (250° Centigrade). 

4. Do not sterilize more than three times. 

5. During sterilization, do not place 
grafts under heavy or sharp objects 
which might crush the grafts. 

6. Do not attempt to sterilize the label 
attached to the PVC blister tray at 
high temperatures, as the materials 
(inks and adhesives) on the label may 
contaminate any objects in contact 
with the label during the sterilization 


cycle. 

7. Do not handle graft with ungloved 
hands. It should be handled only with 
clean instruments. 

8. Do not attempt to resterilize any 
unused graft qm which has been 
contaminated with blood or any other 
foreign material. 

9. Do not use absorbable sutures. 

10. Do not cut graft while holding under 
tension. Doing so may cause separa- 
tion of the outer layer. The GORE-TEX 
graft is a composite structure consist- 
ing of an inner base tube and a thin 
outer layer which reinforces the base 
tube to prevent aneurysmal dilatation. 
Do not use any portion of a GORE-TEX 
graft which has damage to or separa- 
tion of the outer layer of the gratt. 

Should the outer reinforcing layer 
become frayed at the end of the graft, 
do not pull on or peel the outer layer 
from the base tube. Carefully trim off 
the portion of the graft where the outer 
layer is frayed. 

11. Do not force Een solutions 
through the graft wall. Doing so may 
result in serum leakage after blood 
flow is established. 

12. Do not place grafts in any fluid prior 
to use. Doing so may result in serum 
leakage after blood flow is established. 

13. Do not puncture the graft repeatedly 
at the same site, or within the same 
immediate area. (See Indication #4) 






W. L. Gore & Associates, Inc. 
P.O. Box 1220 
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Gentlemen: 
V U ar [] Please send me your GORE-TEX vascular graft test kit. 
C] Please send me the reprints and reports whose numbers 
I have circled. 
l. d 9. 7. 9. 11. 13. Is: 
e 2. 4. 6. 8. 10. 12. 14. 16. 








E] Please send me additional reprints as they are published. 


Enclosed are my suggestions for standardization of vascular 





[ ] Please have your representative call for an appointment. 
2 statistics. 


Name 


Address 





City 
Hospital Affiliation 





— : Surgical Specialty 





Zip 


ATS-10 








NOW—A handsome way to protect 
and preserve your personal copies of 


THE ANNALS OF THORACIC SURGERY 


A durable, custom-designed Library Case or Binder will protect your 
copies of THE ANNALS OF THORACIC SURGERY from loss and 
wear. At the same time, this impressive addition to your library will help 
you conserve valuable space and reduce clutter. Both the case and the 
binder come in handsome maroon simulated leather, with an 
embossed spine in 16-K gold lettering for maximum legibility. Scuff- 
resistant and washable, each includes gold transfer so you can print the 
volume and year. 


Order your Library Case or Binder for THE ANNALS OF THORACIC 
SURGERY by simply mailing the cou- 
pon opposite with your check, specify- 
ing with your order which style and 
size you prefer. Satisfaction is uncondi- 
tionally guaranteed or your money 
back. 






THORACIC 
SURGERY 





To: Jesse Jones Box Corp. 


P.O. Box 5120 Dept. ATS 
Philadelphia, PA 19141 


My check or money order for 
$. . jsenclosed. Please send 
me: 


LJ THE ANNALS OF THORACIC 
SURGERY Binder(s), for issues from 
January, 1976 to present. Each binder 
holds 12 issues. Prices: $6.50 each: 

4 for $25.00. 


[] THE ANNALS OF THORACIC 
SURGERY Case(s) for issues from 
January, 1976 to present. Each case 
holds 12 issues. Prices: $4.95 each: 
3 for $14.00; 6 for $24.00. 


O THE ANNALS OF THORACIC 
SURGERY Case(s) for issues prior to 
January, 1976. Each case holds 12 
issues. Prices: $4.95 each; 3 for 
$14.00; 6 for $24.00. 








Name 
Address 
Oly —— See Z2 


(The prices above include postage and handling 
within the United States; make checks payable 
to Jesse Jones Box Corp.). For all orders out- 
side the United States, please add $1.00 per 
unit. 
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IABP will make: 


A 
4 


We uncrate it for you, 
install it and see that 
its operating correctly. 


It takes special training even to un- 
crate the Roche AVCO Intra-Aortic 
Balloon Pump correctly. Thats why 
we insist on doing it for you! After 
uncrating, after installation, after 
checkout...your warranty begins. 
Most other companies leave you 
on your own. 




















The Roche AVCO IABP has 
a warranty for a full year. 


In addition, service is available for as 
long as you use it. Specially trained 
field service technicians are avail- 
able 24 hours a day, 7 days a week. 






Only Roche gives you 
all this with your _ 
intra-Aortic Balloo! 


We train your personnel 
in its use, now and 
in the future. 


Our cardiovascular training special- 
ists come to your hospital at a desig- 
nated date at no charge to you and 
instruct your personnel in a formal 
training program: You support your 
patients better, because we support 
you better. Furthermore, within six 
months we will send our cardiovas- 
cular training specialist to participate 
in your first use of the Roche AVCO 
. IABP, or conduct a refresher course 
for trained personnel or train new 
personnel in your hospital. Additional 
training courses are available in all 
parts of the country, and special 
sessions can be scheduled as you 
feel necessary for as long as you own 
the equipment. No other company 
we know of works so hard to help 
you help your patients. 


Pump 


Roche 


AVCO Intra-Aortic 
Balloon Pump 
Service, support and care you 
get from no other company. 
Can you afford to consider 
any other IABP? 


For additional information. please fill out 
and return the coupon below 


Roche Medical Electronics Inc. ~N 
/ Cranbury, New Jersey 08512 
I Gentlemen, O Please have a representative call to set upan ap- | 


pointment to demonstrate the Roche AVCO IABP 
LJ Please send additional literature 


N 


| ATS-10 
| 

| 

1 Hospital 


Address 
\ 


\ 
\ 
. City. 
~ 





Now the most reliable 
balloon pumping system in thework 
isalsothe Simplest. 


INFLATION POINT 


PUMP FREQUENCY 


EVERY 
SECOND BEAT 


EVERY 


ER. zy THIRD BEAT 


Several years ago, we introduced the Datascope 
System 80 Intra-Aortic Balloon Pump. Since that 
time it has proven itself to be the most reliable system 
in the world. 

We just improved on it. With the new Datascope 
System 82. 

The System 82 is dramatically simpler to 
understand and to operate. Setting two prominent 
slide controls is essentially all that is needed for 
proper adjustment. 

To test its simplicity, we gave it to nurses who had 
never seen it before. With no instruction whatsoever, 
they were able to understand and adjust each control. 

The System 82 is 50% quieter than its predecessor. 

It utilizes a revolutionary Electrosurgical 
Interference Suppression Module, ESIS. In most 
cases, this device virtually eliminates RF 
interference due to electrocautery. Which means a 
more reliable triggering signal. 

We’ve also improved the monitor itself. We made 
it non-fade. Which gives it a clearer, more effective 
display. So you not only get a better display of patient 
data, but also of system control signals. 

But we didn’t change everything. We’ ve kept 
many of the things that made our System 80 so 
successful. 

We haven’t changed the unique Datascope 


*U.S. Patent Number 3,692,018 


CONTROL 


DEFLATION POINT 
B 3 ' ' i 


BALLOON VOLUME 


STANDBY 


Dual-Chamber Balloon.* In tens of thousands of 
operations, it has demonstrated that it is not only 
highly dependable, but exceptionally easy to insert. 

Our System 82 is still highly portable and can be 
operated both from AC line power and battery power. 
And optional instruments such as the EVR Cardiac 
Monitor, the 721A Single-Channel and the 740 
Dual-Channel Recorders can be used with it. 

And the new System 82 still allows you to use the 
Datascope Pulsatile Assist Device, PAD® ** The 
first and most widely used clinical device to produce 
both pulsation and counterpulsation in cardiac 
surgery. 

Even with its exceptional reliability, it's good to 
know that the System 82 has service facilities across 
the U.S. capable of responding to an immediate 
service need within hours and capable of providing a 
comprehensive preventative maintenance and 
service program as well. 

For more information about the new Datascope 
System 82, write: Datascope Corp., Box 5-N, 
Paramus, N.J. 07652, Tei. (201) 265-8800. Or write 
Datascope B.V., Post Box 26, 3870 CA, 
Hoevelaken, Holland. 


The Datascope System 82 


**U.S. Patent Number 4,080,958 
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Small, simple design. Proven reliability. 
The Pacing For Life™ warranty. All these 
are attributes of Medtronic's Mirel™-VL, the 
smallest pacemaker available with such a 
big warranty" 

The technological leadership of the 
Mirel™ pacemakeris reflected in its simplic- 
ity-a design engineered by Medtronic to 
provide the surgeon and patient with a 
small, extremely reliable pacemaker. 

There are only 23 components in the 
bipolar unit; 21 in the unipolar. The top half 
of the unit contains a hermetically sealed, 
single hybrid circuit comprising all the elec- 
tronics except for three discrete compo- 
nents. The bottom half of the unit is a high- 
density, lithium-iodine battery, hermetically 
sealed within its contoured stainless steel 
enclosure. 

But don't let its simplicity fool you. The 
Mirel™ pacemaker is quite a performer. It 
incorporates all Medtronics proven per- 
formance features such as Constant 
Energy, Constant Rate, patented reversion 
circuit, rate limit protection with single 





RELIABLY SIMPLE MIREL” 
OFFERS PACING FOR LIFE" 


A demonstration of lightness. The Mirel™ 
as the two surgical instruments or the st 


pacemaker weighs 60 grams—the same 
ack of gauze pads. 








component failure, and a dual refractory 
period. 

Its Pacing For Life™ warranty provides 
this assurance to the patient who receives 
a Mirel™-VL pulse generator: 

“If the pulse generator fails to function 
within normal tolerances for any reason 
(including exhaustion of the battery orother 
component), Medtronic will provide for the 
patient a functionally comparable Med- 
tronic pulse generator at no charge. In addi- 
tion, if the failure is due to a defect in mate- 
rials or workmanship, Medtronic will reim- 
burse the patient for up to $450.00 of rea- 
sonable, uninsured medical expenses in- 
curred in connection with the replacement” 

All that in a 60 gram pacemaker a scant 
53 mm in diameter. 

The Mirel™ pacemaker by Medtronic. 
For more information, send in the coupon 
on the back. 


*Medtronic® Mirel™-VL has Meatronic's 
Pacing For Life™ warranty. Ask your 
Medtronic representative for details. 









For Epicardial Pacing 
‘6917’ is the Lead of 
Choice 


It's hard to improve on the most widely 
used pacing lead in the world. 

But Medtronic has made design 
changes and added a tool to help make 
your use of this product more efficient. 

Of course, there have been improve- 
ments in the lead handle and tunneller. 

And, Medtronic has developed a com- 
panion lead, the 6917A. It has a shorter 
electrode and a two-turn rotation. 

A supporting product to both designs is 
the Model 6017A myocardial test probe. It 
allows you to predetermine suitable elec- 
trode sites on the myocardium. Further- 
more, this test probe approximates the 
penetration depth and surface area of the 
6917A electrode and, therefore, preliminary 
thresholds measured with the probe 
closely predict actual 6917A thresholds. 

The 6917 corkscrew design is backed by 
more than five years of clinical experience 
and 60,000 implants. 

The reduced surface area of the 6917A 
electrode draws 7.8% to 9% less current 
drain than the Model 6917, providing up to 
ten additional months of pacemaker serv- 
ice life. It's also possible to achieve signifi- 
cant reductions in chronic thresholds with 
the 6917A. 





The Medtronic® 6917 and 6917A leads 
are designed for placement on either 
ventricle. 


Here’s a Solution 
for the High 
Threshold Problem 


Its a nagging problem that typically man- 
ifests itself in the O.R. The patient's stimu- 
lation threshold is beyond the output capa- 
bility of typical pulse generators and can't 
be reduced by lead repositioning. 

The solution is the Xyrel*-HT pace- 
maker. 

Its energy output at BOL (beginning of 
life) is 138 microjoules. At end of life, 
energy output is still 109 microjoules (com- 
pared to 36 microjoules BOL for a new 
Mirel™ pulse generator). 

This high output pulse generator is 
lithium powered and offers the physician 
noninvasive rate programming, too. It is 
available in bipolar and unipolar configura- 
tions in the standard Xyrel* titanium hous- 
ing. 

Pulse amplitude is 8.6 volts (16.9 mil- 
liamps). Rate is programmable to seven 
pacing rates (50, 60, 70, 75, 80, 90 and 100 
ppm) and one diagnostic rate (30 ppm). 

Keep in mind that because of the high 
output of the Xyrel*-HT generators, their 
projected service life is considerably short- 
erthan normally anticipated for a Medtronic 
Mirel™ or other Xyrel® series pulse 
generators. 

Nevertheless, its a good solution to a 
problem the surgeon occasionally encoun- 
ters. The Xyrel*-HT pacemaker, from Med- 
tronic. 





Xyrel®-HT pacemakers shown above. 


FOR FURTHER INFORMATION 
Send this coupon to Medtronic, Inc., 
P.O. Box 1453, MS 369, 
Minneapolis, MN 55440. 


| would like more information on: 
O Mirel™ Pacemakers 

C] Tenax™ Model 6917-17A Leads 
O Xyrel*-HT Pacemaker 

C] Tenax™ Model 6961-62 Leads 
Name 

Specialty 

Address 

City 
State 





Zip 
ATS 


“SENSE-ABLE” LEAD HAS 
BETTER SENSING, PACING 





The ring-tipped electrode of the Model 6961-62 lead is designed for enhanced 
electrical efficiency. 


There are three reasons why Med- 
tronic’s Tenax™ tined leads have become 
the most prescribed endocardial leads in 
the world. 

e Superior electrical performance offered 
by the ring-tip electrode design. 

e Proven reduced incidence of lead dis- 
lodgement. 

e Greater theoretical lead longevity based 
on tests of the multifilar conductor coil. 

Actually, three electrode desicn features 
contribute to this lead's superior perform- 
ance. 

For one thing, research has shown that 
its reduced electrode surface area (only 8 
mm?) is one of the best compromises be- 
tween high current density for stimulation 
and an acceptable impedance affecting 
sensing. Of course, a reduced electrode 
surface area also minimizes pulse 


MONEDA UMS tin tih dior it atio mi ae i. generator current drain. 


Secondly, the gentle curvature of the tip 
electrode minimizes tissue trauma. This 
enhances performance by reducing the 
degree of myocardial tissue degeneration 
which often results in fibrotic build-up. 


Besides outstanding electrica! charac- 
teristics, lab tests of Medtronics multifilar 
coil design show its having a pctential flex 
life over 1,000 times greater than earlier 
endocardial lead designs which used a 
single-filament, nickel-alloy conductor. 

Dislodgement is reduced by the small, 


ro Medtronic 


Conventional 6961/62 
electrode. electrode. 


The configuration of the Model 6961-62 
electrode concentrates the current field 
in the areas of curvature. This directs 
more available current into the endo/ 
myocardium. Thus, overall electrode 
efficiency, primarily stimulation thresh- 
olds, is enhanced. 


soft, compliant tines on Medtronic’s 
Tenax™ leads. They anchor within the car- 
diac structure of the ventricular chamber. In 
clinical studies, lead related reoperation in- 
cidence has averaged less than 5% for the 
Model 6961-62 leads, compared to 21% for 
a standard flanged endocardial lead with- 
out tines. 

For a brochure showing the reoperation 
rates at nine medical centers, plus other 
information on Tenax™ 6961-6962 leads, 
send in the coupon at left. 


Applying Advanced Technology 
to the Spectrum of Heart Care. 


MEDTRONIC PRODUCT INFORMATION SUMMARY 


Medtronic® Implantable Pulse Generators 

Intended Uses- Ventricular pacing using an implantable ventricular pulse 
generator and lead system are for long-term therapeutic control of heart rate 
in patients with impulse formation or conduction disorders leading to 
bradyarrhythmias, tachyarrhythmias and heart block (see product labeling 
for detailed list of intended uses). An atrial pulse generator is for long-term 
therapeutic control of heart rate in patients with impulse formation disorders 
but with intact, functioning A-V conduction systems. Cardiac pacing using 
an implantable A-V sequential pulse generator is for long-term therapeutic 
control of heart rate in patients where restoration of A-V synchrony is 
indicated to improve cardiac output orto protect against arrhythmias related 
to sequence of cardiac impulse propagation. 

Contraindications—There are no known contraindications to the use of 
pacing as a therapeutic modality for the control of heart rate in patients with 
normal conduction systems. In certain patients with anomalies of the con- 
duction system (WPW syndrome and related conditions), patients may be 
benefited or harmed by cardiac pacing. Therefore, electrophysiolcgic 
Studies are required prior to therapeutic application of pacing. In addition, 
the patient's age and medical condition may dictate the particular pacing 
system and implantation procedure used by the physician. 
Warnings—Diathermy should not be used on patients with pacemakers 
because of possible heat damage to electronic components. Electrosurgi- 
cal units should never be used in the vicinity of unipolar pulse generators or 
bipolar pulse generators implanted in the unipolar mode because of da nger 
of introducing fibrillatory currents into the heart via the implanted pu'se 
generator/lead. Pulse generators may be damaged by defibrillatory cis- 
charges if the paddles are placed over the implanted pulse generator. 
Precautions—The physician should be aware that all pulse generators will 
ultimately cease to function due to cell depletion and may fail at any time due 
to random component or battery failures which cannot be predicted prior to 
failure. Also, that the pacing system may cease to function at any time due to 
lead-related problems such as displacement, fracture, fibrotic tissue forma- 
tion, elevated thresholds and medical complications, and that proper opera- 
tion may be affected by electrical interference from certain electrical equip- 
ment. 

Side Effects—Body rejection phenomena, including local tissue reaction, 
muscle and nerve stimulation, infection, erosion of pulse generator/lead 
through skin, transvenous lead-related thrombosis, embolism and cardiac 
tamponade. 


Medtronic* Implantable Pacing Leads and Accessories 
Intended Use—Medtronic* Implantable pacing leads are designed to be 
used with Medtronic® pulse generators as part of a cardiac pacing system 
(see product labeling for specific directions regarding applications). 
Contraindications—Endocardial pacing leads are contraindicated in the 
presence of tricuspid valvular disease. 

Warnings—An implanted lead or lead/adaptor combination constitutes a 
direct, low resistance current path to the myocardium. During the connec- 
tion and testing procedures, only battery-powered pulse generators should 
be used with the lead system to protect against ventricular fibrillation ir- 
duced by alternating current leakage. Extreme caution must be taken to 
properly ground all line-powered equipment used in the vicinity of the 
patient. Lead adaptors, lead extenders and repair kits should not be used if 
the integrity of the lead is in doubt. 

Precautions—The pacing system may cease to function due to lead-related 
problems such as displacement, fracture, fibrotic tissue formation and ele- 
vated thresholds. 

Side Effects—Body rejection phenomena, infection, erosion or migration 
through body tissue, transvenous lead-related thrombosis embolism. 
How Supplied —Medtronic* permanent implantable leads and accessories 
are supplied sterilized and, in most cases, individually packaged. 


Subscription Service 


Attach your mailing 
label here 


and mail this whole 


form to 


The Annals of Thoracic Surgery 
Little, Brown and Company 

34 Beacon Street 

Boston, MA 02106 


Change of Address? 

Please give us 4 weeks advance notice. Attach the label 
for your old address above, write in your new address 
below. 


Entering a New Subscription? 

Check the box and fill in your name and address be- 
low. Include your check in the amount shown below. 
(To order a gift subscription please attach a separate 
sheet with full instructions and include payment.) 


Renewing? 

Check the box below, include your check in the 
amount shown below — and make sure your mailing 
label is correct. 


A Question, Complaint? 
We can serve you better and faster if you will enclose 
your mailing label with any correspondence. 


Please send The Annals of Thoracic Surgery 
1 Year (12 issues) 


USA Canada Foreign 


Individual $34.50 $35.50 $37.50 
Resident, Intern $25.00 $26.00 $28.00 
Institution $39.50 $40.50 $42.50 


O New Subscription © Renewal 


LJ Payment enclosed 
in the amount of $ 





Name 





Specialty 





Address 





City 


State/Zip 


KELLOGG Á 


BIOPSY INSTRUMENT | 


For obtaining LUNG and 
PLEURAL TISSUE 
in diffuse disease. 


Specimen is secured 
by aspirating lung or 
pleura into biopsy 


opening. Saat i 


TIP DOES NOT 
PENETRATE LUNG. 


Adequate pulmonary tissue may be obtained When your patient needs an immediate 

at the patient’s bedside with a reasonably low diagnosis in the over 130 types of diffuse lung 
incidence of pneumo thorax and negligible anc pleura disease, use the ONLY 

chance of bleeding. INSTRUMENT that takes a surface biopsy 


This INSTRUMENT is also used to perform a 8mm in diameter and 3.5mm in depth. 
simultaneous thoracentesis and pleural biopsy. For more information call or write: 


SD MEDINA ENTERPRISES INC. PO. Box 555, Medina, Washington 98039 (206) 454-6205 





Esophagogastrectomy for Carcinoma 
of the Middle Third of the Esophagus 


V. A. Piccone Jr., M.D., N. Ahmed, M.D., S. Grosberg, M.D., 


and H. H. LeVeen, M.D. 


ABSTRACT Elective esophagogastrectomy and re- 
construction by esophagogastrostomy were per- 
formed on 55 patients with malignant tumors of 
the midesophagus, despite invasion of contiguous 
structures in 60% and regional lymph node in- 
volvement in 75%. The operations were invariably 
palliative. 

Two patients died within thirty days of operation. 
Dysphagia was relieved and oral alimentation re- 
sumed in the other 53. Twenty-nine patients who 
had experienced painful swallowing and 16 who 
had vomiting obtained relief. 

Survival curves show no improvement from pre- 
vious decades for patients with malignancies of the 
middle third of the esophagus. The mean survival 
was 10.4 months. Mean survival of patients with 
liver metastases was 3.5 months. 


In 1965, the rapid advances in the fielcs of 
thoracic surgery and anesthesiology during the 
previous decade and the mediocre results of 
radiation therapy seemed a rational basis for 
reexamining the usefulness of esophagogas- 
trectomy in the treatment of malignancies oc- 
curring in the middle third of the esophagus. 
Improved postoperative respiratory support, 
better antibiotics, improved treatment of car- 
diac problems, advances in fluid, electrolyte, 
and acid-base balance, and an appreciation of 
the forbidding danger of a leaking esophago- 
gastric anastomosis prompted speculation 
that esophagogastrectomy might be performed 
with a more acceptable mortality. Moreover, 
dissatisfaction with the frequent failure to 
relieve obstruction by radiotherapy, the se- 
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rious side-effects such as tracheoesopha- 
geal fistula, and the high rate of recurrent 
malignant obstruction left an opportunity for 
a therapeutic approach that might provide 
better palliation than radiotherapy. This re- 
port summarizes our 13-year experience with 
esophagogastrectomy for palliation of carci- 
nomas of the middle third of the esophagus. 


Material and Methods 

During the years between January 1, 1965, and 
January 1, 1978, the division of thoracic surgery 
at the Brooklyn Veterans Administration Med- 
ical Center performed elective esophagogas- 
trectomy and reconstruction by esophagogas- 
trostomy on 55 patients who had malignant 
tumors of the midesophagus. The clinical 
problem was obstructive esophageal malig- 
nancy without involvement of superficial re- 
gional nodes, lung, bones, or other distant 
areas and without vocal cord paralysis, pleural 
effusion, or ascites. Not all of the patients with 
esophageal malignancy were referred to the 
surgical service; some patients were treated by 
radiotherapy. This report deals only with those 
who were referred for operation. Patients with 
carcinoma in the middle third of the esophagus 
and disseminated malignancy were provided 
less formidable procedures and are not in- 
cluded here. 

The most common complaints at the time of 
hospital admission were progressive dysphagia 
and weight loss. Chest pain was present in 2096 
of the patients, and regurgitation occurred in 


.2596. Dysphagia was generally of 2 months’ du- 


ration, and the average patient lost 9.07 kg be- 
fore hospital admission. The mean age of pa- 
tients with lesions of the midesophagus was 
61.9 years, and all were in the fifth to ninth 
decades of life. The oldest patient was 84 years 
old. The definitive diagnosis usually was es- 
tablished by esophagoscopy and biopsy fol- 
lowing demonstration of a lesion by fluoro- 
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Table 1. Histopathological Type and Distribution of Esopkageal Malignancies 


Patients with Esophageal Lesions 


Upper Middle Lower 
Histopathological Type Third Third Third Total 
Squamous cell carcinoma 2 47 20 69 (77.5%) 
Adenocarcinoma 1 2 9 12 (13.596) 
Anaplastic carcinoma 0 5 0 5 (5.6%) 
Malignant melanoma (primary) 0 0 1 1 (1.1%) 
Plasmacytoma (primary) 0 0 1 -1 (1.1%) 
Mixed (squamous and adenocarcinoma) 0 1 0 1 (1.1%) 
Total 3 55 31 89 
scopic contrast visualization. Preoperative out being hampered by the aortic arch, thus 


evaluation for distant metastases was negative 
except for 6 patients with radionuclide scans 
suggestive of hepatic involvement. Liver scans 
that were inconclusive or only suggestive of 
metastases were not used to exclude operation 
because of the frequent false positive result in 
cirrhotic patients. Excessive use of alcohol and 
tobacco was common among patients with 
esophageal malignancy. 

The histopathology of the midesophageal 
malignancies is summarized in Table 1. It also 
includes the histopathology of the carcinomas 
in the upper and lower third encountered dur- 
ing the same time period. The usual prepon- 
derance of epidermoid carcinoma is evident. 
Direct invasion of contiguous structures or 
lymphatic spread to regional nodes was present 
in almost all patients (Stage 4), indicating the 
advanced nature of the disease at the time the 
patients were initially seen clinically. Attach- 
ment to surrounding structures including the 
right main stem bronchus, the trachea close to 


its bifurcation, and the aorta was present in. 


90% of the patients. Involvement of the celiac 
nodes was not.as common as with the car- 
cinomas in the lower third of the esophagus. 


Operative Technique 

Radical resection and restoration of gastroin- 
testinal continuity by intrathoracic esophago- 
gastrostomy was performed using the com- 
bined abdominal and right thoracic approach 
described by Lewis [3], modified to include 
both stages in a single operation. The right 


thoracotomy allowed extension of the esoph- . 


ageal resection as high as necessary with- 


virtually assuring an anastomosis to tumor-free 
esophagus. The first stage was performed with 
the patient supine and using a high midline 
incision extended upward along the xiphoid. 
Partial division of the lowest part of the 
sternal-costal junction lessened the resistance of 
the lc-wer portion of the left rib cage to upward 
and 2utward traction and thereby provided 
easy access to the left upper quadrant of the 
abdomen. The stomach was freed of its omental 
attachments and prepared for transposition by 
carefully preserving the right gastroepiploic 
artery and right gastric artery. Mobilization of 
the d. odenum from the inferior vena cava and 
the aorta provided excellent upward mobility of 
the duodenum and the head of the pancreas. 
Pylor2plasty or pyloromyotomy, reserved for 
the abnormally narrowed pylorus, was never 
necestary. The left gastric artery was ligated at 
its or.2in to preserve any communications with 
the r-zht gastric artery. The fibrous insertion 
of the diaphragmatic crura anterior to the 
esophagus was incised a distance of 2 cm to 
assure adequate postoperative drainage of the 
stomazh. Dissection of the lower esophagus 
was =xtended upward well into the medias- 
tinum, utilizing the widened hiatus, since the 
high zhoracic incision did not provide adequate 
access to the lower esophagus. A standard right 
posterolateral thoracotomy provided access for 
the thoracic part of the operation. Excision of 
the fourth rib, rather than the fifth, facilitated 
joining the stomach to the esophagus in the 
uppermost part of the thorax. Resectability was 
thus zxtended to include all patients in whom 
uninvolved esophagus was found in the upper 
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mediastinum. The esophagus was excised to a 
distance of 4 cm above palpable tumor and the 
anastomotic edge was determined to be free 
from tumor by frozen section. 

Most commonly the lesions in the middle 
third of the esophagus were found at the level 
of the tracheal bifurcation. The mediastinal 
pleura was divided downward to the azygos 
vein, the vein was ligated and transected, and 
the mediastinal pleura then divided below the 
level of the tumor. The esophagus was dis- 
sected from the surrounding tissues, first well 
above the tumor and then below the tumor. 
Traction on latex drains placed around the 
esophagus at the points of separation from sur- 
rounding structures facilitated dissection along 
the normal tissue planes to the tumor. The 
membranous portion of the trachea and main 
bronchi required very careful dissection to 
avoid injury. If the tumor could not be peeled 
easily from these structures, it was divided 
with a scalpel a safe distance from the trachea or 
bronchus, and the residual tumor was marked 
with metal clips for later radiation therapy. 

Usually the tumor was removed from the in- 
ferior pulmonary vein and left atrium without 
difficulty. Removal from the aorta required zare 
because the arteries to the esophagus often 
were involved in tumor, required division very 
close to the aorta, and presented troublesome 
bleeding if one was avulsed from the aorta. 
The tumor rarely invaded the aorta and could 
always be dissected away. 

Although the anastomosis was performed in 
two layers, additional sutures were added to 
effectively invaginate the esophagus into the 
stomach and to prevent tension on the anas- 
tomosis. Before the anastomosis was begun, the 
cardia was pulled up behind the esophagus and 
was attached to the fascia and pleura at the 
upper limit of the incision in the pleura. It was 
also attached to the posterior wall of the 
esophagus between the sutures to the pleura. 
The two-layer anastomosis was performed 2 cm 


below the level of the posterior attachment of 


the uppermost portion of cardia. After comple- 
tion of the anastomosis, additional stomach 
was brought up over the anterior layer of the 
anastomosis and was attached to the medi- 
astinal pleura above the anastomosis. This in- 
version of the esophagus into the stomach 


provided additional covering, thus protecting 
against leakage and taking all tension away 
from the anastomosis. 


Nutritional Support 

The nutritional status of the patients undergo- 
ing surgical treatment reflected their inade- 
quate preoperative calorie and nitrogen intake. 
Preoperative preparation usually required some 
degree of rehydration and replenishment of 
blood volume. During the past 4 years, sup- 
plemental parenteral nutritional support also 
was provided. The nutritional program was 
administered postoperatively rather than risk 
further preoperative delay. 

Prehepatic hyperalimentation through a tiny 
catheter placed in the reopened umbilical vein 
at the time of operation supplemented the oral 
intake of the 10 most recent patients for 1 
postoperative month. Hyperalimentation was 
commenced on the first postoperative day at 
half the daily volume and increased to the full 
amount the second day. Three liters of 596 acid 
hydrolysate of protein (Aminosol, Abbott Lab- 
oratories) and 1596 glucose mixture were in- 
fused by controlled drip or.infusion pump 
during each twenty-four hours at a rate of 125 
ml per hour. This regimen provided 1,800 
calories from glucose and 105 gm of protein 
(13.7 gm of nitrogen) per day, or 2,200 calories 
per day. Supplements of potassium and phos- 
phate were added when appropriate. Five 
hundred micrograms of vitamin B, and 5 mg of 
folate were administered each week. The in- 
fusion mixture contained magnesium, phos- 
phate, and calcium. Heparin was added to pre- 
vent portal vein thrombosis. Nitrogen balance 
studies and indirect calorimetry were per- 
formed to assess the adequacy of nutritional 
support and analyze substrate utilization. The 
postoperative care always included heparin in 
small doses for prophylaxis of pulmonary em- 
boli (1,000 IU administered intravenously every 
four hours). 


Results 

Resectability 

Resection of tumor together with distal esoph- 
agus, and reconstruction by esophagogastros- 
tomy was performed in all 55 patients de- 
spite invasion of contiguous structures in 6096 
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and regional lymph node involvement in 75%. 
Thus, the operations almost invariably were 
palliative. A right upper lobectomy for what 
was believed to be a second primary carcinoma 
was performed simultaneously in 1 patient. 


Operative Mortality 

Two of the 55 patients (3.6%) died within thirty 
days of operation. One was a 44-year-old man 
with hepatic cirrhosis and recurrent pan- 
creatitis who had undergone a Roux-en-Y 
cystojejunostomy several years previously. A 
bleeding diathesis and shock lung developed, 
and he died on the second postoperative day. 
Mechanical ventilation was unable to provide 
adequate gas exchange. The other patient was a 
73-year-old man with chronic obstructive pul- 
monary disease who died of respiratory com- 
plications on the fourth postoperative day. No 
patient died of pulmonary emboli. 


Postoperative Complications 

No anastomosis leaked or became disrupted. 
Fluoroscopic contrast visualization before the 
start of oral alimentation at about twelve 
days after operation demonstrated anastomotic 
integrity in each patient. The telescoped 
esophagogastrostomy was narrowed but dis- 
tensible and did not cause dysphagia. Ra- 
diologically detected delay in gastric empty- 
ing was encountered in 3 patients during the 
early postoperative period (two weeks). Normal 
emptying of the stomach returned in 2 patients 
but the third required multiple fluoroscopically 
controlled dilations of the pylorus. Delayed 
gastric emptying developed in a fourth patient 
7 months after operation, and reexploration of 
the abdomen revealed partial obstruction of the 
pyloric area from metastatic disease. Respi- 
ratory complications, occurring in 11% of pa- 
tients, included atelectasis, pneumonia, and 
continued need for respiratory support. Four 
patients required tracheostomy. Cardiac com- 
plications occurred in 4 patients who developed 
arrhythmias and 2 with congestive heart fail- 
ure. All were successfully treated. The umbilical 
catheter became displaced from the portal vein 
in 1 patient. The hyperalimentation solution 
drained into the chest through the open 
esophageal hiatus and from the chest into 


the chest drainage bottle. Another patient 


‘receiving hyperalimentation became severely 


hypokalemic; he was resuscitated from a car- 
diac arrest but had permanent brain damage 
and cied 2 months later. 


Pallia-ion and Quality of Life 

Dysphagia was relieved and oral alimentation 
was resumed in the 53 patients (96.4%) who 
survired operation. Fifty-one were able to eat a 
reguler diet, and 2 had to have a blended diet. 
All 29 of the patients who had experienced 
painful swallowing before operation obtained 
reliet, as did all 16 who had had vomiting pre- 
viously. Few patients (5) experienced a return 
to normal appetite and complaints of fullness 
after cating small amounts of food were com- 
mon. Prior to the hyperalimentation program, 
poor nutrition, as well as residual cancer, re- 
lentlessly depleted most patients. Weight loss 
continued into at least the first postoperative 
montr (Fig 1), and the average patient lost an 
additional 8.17 kg over a 4-month period. Pre- 
hepatic intravenous hyperalimentation, used 
during the past 3 years, eliminated the severe 
weigh- loss of the first postoperative month and 
delayed what perhaps must be regarded as the 
inevitable wasting of the disease. The nitrogen 
substrate in the nutrient solutions was signifi- 
cantly more than the nitrogen excreted in the 
urine (Fig 2), and the patients derived 16.696 of 
their energy (kilocalories) from protein sub- 
strate while protein provided 19% of the caloric 
value of the nutrient solution; this meant that 
the nitcogen economy was very favorable. The 
calories provided by the parenteral nutrients 
alone exceeded those consumed in metabolic 


Non Hyperalimented Patients (No. 45) «we 
45 Hyperalimenfation Patients (No. IQ) —— m... 


LBS. CHANGE 





i 2 
MONTHS AFTER SURGERY 


Fig 1. Comparison of the change in weight after 
esophag-gastrectomy between patients receiving 
hyperalinentation and those receiving none. 
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Fig 2. Nitrogen balance studies, based on twenty-four- 
hour urine collections, demonstrated a net gain each 
day. Studies were done before oral intake was resumed, 
during a period when fecal excretions were seldom en- 
countered. (SD = standard deviation.) 
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Fig 3. Comparison of the survival between patients re- 
ceiving hyperalimentation and those receiving none. 
Comparison includes the period from the end of the first 
postoperative month to the end of the fifth postopera- 
tive month. Determination of significance awaits fur- 
ther data. 


functions by 380 kilocalories (2,181 kcal infused 
vs 1,824 kcal utilized), so that the patients were 
also in positive caloric balance. The improved 
nutrition provided by supplementing oral 
intake with parenteral hyperalimentation re- 
versed the relentless weight loss previously seen 
and resulted in a small net weight gain dur- 
ing the first postoperative month (see Fig 1). 
Previously, 7 of 31 patients died, mainlv of 
malnutrition and liver metastases, between 
the second and fifth postoperative months, 
whereas 8 similar patients who received hy- 
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peralimentation all lived through the same 
period (Fig 3). 

No patient died of aspiration pneumonia, 
recurrent malignant obstruction, anastomotic 
stricture, erosion into the aorta, or tracheo- 
esophageal fistula. Recurrent tumor compress- 
ing and invading the trachea and right 
main bronchus caused airway obstruction and 
death in 1 patient. Recurrent tumor in the 
gastric outlet has limited oral intake in 1 pa- 
tient, and radiation therapy is being applied. 
Hoarseness secondary to recurrent laryngeal 
nerve paralysis developed in 2 patients. Gastric 
retention was demonstrated radiologically in 3 
patients and clinically in 1. -Scalene nodes be- 
came massively enlarged by metastatic tumor in 
2 additional patients. Most of the patients who 
would have died of aspiration pneumonia or 
tracheoesophageal fistula if treated by irradia- 
tion alone, while not cured, enjoyed uncomph- 
cated oral alimentation for the remainder of 
their lives, and like almost all resected patients, 
died of distant metastases. 


Survival 

The survival curves, shown in Figure 4, reflect 
no improvement from previous decades, and the 
outlook for patients with a malignancy of the 
middle third of the esophagus continues to be 
poor. The mean survival was 10.4 months. Sur- 
vival of patients with liver metastases was 3.5 
months. 


Comment 


Irradiation is the generally accepted therapy for 
squamous cell carcinoma occurring in the mid- 
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Fig 4. The continuing grim outlook for patients with Table 2. Postoperative (30-Day) Mortality 
esophageal carcinoma. Fifty-five patients survived a 
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mean of 10.4 months. 
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dle third of the esophagus [7, 8]. While it might ue reU 


seem that an obstructing lesion of the alimen-  Eso-nagogastrectomy* 
tary tract is best treated by operation, early Upper third 0/3 : 
trials were attended by a very high mortality p Rd 2/55 (3.670) 
VP : Lower third 2/31 (6.4596) 
and a high incidence of anastomotic leak [4, 5]. 
Total 4189 (4.5%) 
Radiotherapy became the favored method by Esop- 
. . . sop-agogastrectomy, 
being less disastrous rather than highly suc- 


hemipancreatectomy, 
cessful. For years, the poor success rate with transverse colectomy, 
radiotherapy and the high complication rat e1d splenectomy 
Py aeu eM s Lewer third 2/2 (100%) 
were ignored for lack of a better treatment. 


: j i Gastrostomy 

Since surgical mortality was substantially re- Lower third 0/6 
duced in the 1970s [6, 9] and since the resect- l 

ability rate for midesophageal lesions has been H 

significantly improved, the success of operation 


and irradiation in relieving malignant obstruc- tion myelitis of the spinal cord, stricture, hem- 
tion and the complications of each therapeutic orrhaze, and constrictive pericarditis [1, 2] are 
modality should once again be compared. 

Esophagectomy and intrathoracic esopha- 


gogastrostomy provided better 


gene-cally more serious and frequent than the 
comp-cations of operation. Surgical patients 


palliation enjoy unimpaired oral alimentation for the re- 
for our 55 patients than they would have  mainder of their lives and die of distant metas- 


received from radiotherapy alone. Operation tases Radiotherapy is saddled with frequent 
relieved the obstruction in all patients, whereas recunent malignant obstruction, final reliance 
irradiation is generally credited with relieving on gastrostomy, and a high death rate from 
obstruction in only 70% of patients [1, 2]. The pneumonia consequent to aspiration or tra- 
30-day mortality of 3.6% for operation, a figure cheoesophageal fistulas. Although operative 
in the range of today’s technology, islowerthan intervention generally is considered more ap- 
that occurring from aspiration pneumonia and plicable to tumors of the lower third of the 
tracheoesophageal fistulas associated with ra- esophagus, we believe the opposite to be true. 


diotherapy. The additional complications of The mortality from lesions of the lower third 
radiotherapy, including nonfatal aspiration 


(15%), nonfatal tracheoesophageal fistulas 
(10%), mediastinal perforation (13%), radia- 


treated by esophagogastrectomy alone was al- 
most double that from lesions of the middle 
third treated by operation (Table 2), and the re- 
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sectability rate was considerably lower. Le- 
sions in the lower esophagus may be associ- 
ated with direct involvement of the liver, 
retroperitoneum, and diaphragm. The celiac 
lymph nodes are not infrequently massively 
involved. Technically, carcinoma of the mid- 
esophagus was more amenable to surgical 
treatment than either lower third or upper 
thoracic lesions. 

Nutritional support appears to be an impor- 
tant adjunct to operation for obstructive malig- 
nant lesions of the esophagus, but many issues 
remain unclear. The theoretical advantages of a 
preoperative parenteral hyperalimentation pro- 
gram to better prepare the patient for operation 
must be balanced against the risks of delay. 
While host immunity apparently can be altered 
by nutritional support of the cancer patient, 
tumors may also grow faster with improved 
nutrition and the effect of nutrition on survival 
remains undetermined. The metabolic compli- 
cations of parenteral hyperalimentation are not 
infrequently life-threatening and prevention of 
hyperosmolarity, electrolyte disturbances, and 
sepsis require attention to detail and close 
surveillance. Significant abnormal elevation 
in indicators of liver function may precede 
adverse histological changes. The cost of 
hyperalimentation is very high. Nevertheless, 
we believe intravenous nutritional supple- 
ments will reduce attrition during the first 4 
months after resection of esophageal malignan- 
cies, and that this substantially increases the 
palliative value of operation. 


Conclusion 

The lower surgical mortality of the past decade, 
the low rate of anastomotic leakage that can be 
achieved, the usual success in restoring oral 
alimentation, and the low incidence of serious 
complications usually associated with radio- 
therapy are compelling reasons for a shift to 
surgical therapy for midesophageal malignant 
tumors. 
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Discussion 

DR. DAVID V. PECORA (Wilmington, DE): I enjoyed 
this presentation and agree with the philosophy of 
palliative resection for carcinoma of the middle 
third of the esophagus. However, we do a 
pyloromyotomy. In the early 1950s, we and others 
omitted pyloroplasty and found that esophagitis was 
common. I believe that the telescoped esophagogas- 
trostomy provides limited protection against regur- 
gitation. Its main value appears to be the prevention 
of anastomotic leaks. 

Although we have not used prehepatic hyper- 
alimentation, we have used hyperalimentation 
by the usual central venous route. We prefer pre- 
operative or intraoperative jejunostomy since it does 
not require time-consuming monitoring and expen- 
sive solutions. Patients who do not tolerate the usual 
jejunostomy diet readily accept elemental diets. 

Since patients with esophageal obstruction tend 
to aspirate, careful attention should be paid to 
tracheobronchial toilet and treatment of respiratory 
infection. Patients can require respiratory support 
for varying periods. 


DR. PAUL A. KIRSCHNER (New York, NY): The theme 
of palliation is paramount in this excellent paper, but 
not every surgeon can duplicate the 10096 resectabil- 
ity rate that Dr. Piccone has presented. Thus, many 
patients will require some relief of dysphagia if it is 
unresectable. It is desirable to accomplish this at the 
time of initial operation so that these patients do not 
have to undergo additional treatment and operation. 
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At the Mount Sinai Hospital in New York, we have 
employed  side-to-side-esophagogastrostomy be- 
tween the gastric fundus and the esophagus in 10 
patients with nonresectable tumors (2 in the middle 
third of the esophagus and 8 cardial). All patients 
obtained effective relief of dysphagia until they died; 
the period from relief to death lasted as long as 6 
months. There was no operative mortality and no 
anastomotic leaks. The need for endoluminal intu- 
bation, cervical esophagostomy, gastrostomy, or 
other more complicated procedures was eliminated. 
Subsequent radiotherapy or chemotherapy or a com- 
bination of these techniques was not impeded. 

The technique, described in 1946 by Tanner [2] in 
England and almost simultaneously elaborated by 
d'Allaines and associates [1] in France is simple. The 
incision is a left thoracoabdominal for tumors of the 
cardia and abdomen and a right thoracotomy for 
higher esophageal lesions. The stomach is prepared 
and mobilized in anticipation of resection of the 
tumor. When the latter is impossible because of fixa- 
tion to vital structures, the stomach is transposed and 
rotated upward and the fundus is anastomosed 
side-to-side to the esophagus above the tumor. 
Either a suture anastomosis or the GIA stapler is em- 
ployed. No transection or ligation of the esophagus 
above the tumor, that is, between the esophagus 
and the anastomosis, is required either to aid in 
mobilizing the stomach as high as the apex of the 
chest or to exclude the tumor. Pyloroplasty is unnec- 
essary. Only one suture line is required. The anas- 
tomosis functions immediatelv and preferentially, 
and the narrow channel through the obstructing 
tumor closes down promptly. In 1 patient on whom a 
postmortem examination was performed 6 months 
after operation, the anastomosis was widely patent 
and not overgrown by tumor. 
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DR. RICHARD K.. HUGHES (Los Angeles, CA): I agree 
that esophagogastrectomy is the best treatment for 
carcinoma of the esophagus and am pleased by the 
aggressive approach demonstrated by the authors. 
The only finding that prevents us from resecting 
a carcinoma of the middle or lower third of the 
esophagus is extension of the tumor into the tra- 
cheobronchus or a tracheoesophageal fistula. 

Also, we agree with the importance of telescoping 
the stomach up around the anastomosis. We attach 
the outer row of sutures to adjacent structures: the 


parietal pleura and tissue in front of the spine and 
back. This may have some value in stopping reflux. It 
is helpful in preventing anastomotic leaks. 

L do not agree with the elimination of the pyloric 
drainage procedure. I have seen a severe esophageal 
reflux stricture following esophagogastrectomy with- 
out :Fis drainage procedure. The patient ultimately 
died >f esophageal perforation following esopha- 
geal dilation of the stricture. 

I would like to make the point that the Lewis oper- 
ation .s not only the preferable operation for lesions 
of the middle third of the esophagus, but it is the 
preferable operation for lesions of the lower third as 
well. Use of the left thoracotomy for esophagectomy 
leaves margins that are too short or contain micro- 
scopic tumor. Esophagoscopy and barium studies 
frequently are misleading. The tumor is higher than 
predicted, and the surgeon has to do a very difficult 
anestcmosis under the aortic arch. The Lewis proce- 
dure allows much longer tumor-free margins for le- 
sions of the lower third of the esophagus. 

Fyicroplasty or pyloromyotomy, which we prefer, 
is difficult to do through an opening in the dia- 
phragm during left thoracotomy. The left hemidia- 
phragm, after it has been opened widely, does not 
function well during that early postoperative period, 
anc a-electasis or pneumonia develop in the left 
lower obe of many patients. I would like to see the 
left thoracotomy approach for lesions of the lower 
third cf the esophagus abandoned. 


DR. JOHN R. HANKINS (Baltimore, MD): I congratulate 
the au-hors on an excellent study with enviable re- 
sults. Since 1958, at the University of Maryland we 
have teen especially interested in carcinoma of the 
esophegus. Our results, in general, support the con- 
clusiors of the authors. 

Qur approach has gone through two phases. From 
1953 to 1969, there was an all-out attempt at cure 
consisting of preoperative irradiation followed by re- 
sectior in the most favorable patients. The majority 
of tae -emaining patients were treated by radiother- 
apy alcne. Of 234 patients treated, only 6 survived 5 
years. None of the highly selected group treated by 
irradia-ion followed by resection survived that long. 
In 196€ we changed our approach. Palliation became 
the primary goal. Under the new protocol, radiation 
therapy is the primary method of treatment for car- 
cincmas of the upper third of the esophagus and 
esophazogastrectomy—usually palliative—the pri- 
mary treatment for neoplasms of the middle and 
lower thirds. The only patients excluded from the 
protoccl are those whose tumors invade the trachea 
or brorchus and those who are prohibitive operative 
risks. 

Of the first 85 patients seen in consultation, 65 
were :reated under the new protocol. The operative 
mortality, as of 2 years ago, was approximately 10%. 
Since then, mortality has been reduced further. We 
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have had 1 death in our most recent 15 consecutive 
patients undergoing resection for squamous cell car- 
cinoma of the middle third of the esophagus. We 
were surprised to find that the long-term survival 
actually seemed to improve under the new protocol. 
Among patients with carcinoma of the middle and 
lower thirds of the esophagus, at 1 year the survival 
rate was 18 out of 41 at risk (44%), and at 5 years, 2 


out of 14 at risk (14%). We are still evaluating post-. 


operative radiotherapy for patients with lesions of 
the middle third in whom small amounts of tumor 
are left behind and believe it may improve survival 
without reducing palliation, but the series is still too 
small to be certain of this. 

We would not agree with the omission of pylorc- 
plasty. Three of our patients undergoing esopha- 
gogastrectomy in whom pyloroplasty was omitted 
experienced gastric retention and required a subse- 
quent pyloroplasty. 

I would like to ask the authors two questions: First. 
how did they select their patients for resection? Ap- 
parently their resectability rate was 100% among 
those explored, but what proportion of the patients 
referred to them or seen in consultation were oper- 
ated on? Second, do they see any place for post- 
operative radiotherapy? 


DR. RONALD M. ABEL (Newark NJ): I rise solely to 
discuss the nutritional management of patients with 
carcinoma of the esophagus. It is known from other 
studies on patients suffering from severe malnutri- 
tion that therapy by closing the barn door, if you 
will, generally has not been successful. In other 
words, preoperative hyperalimentation probably has 
a greater role than the authors suggested. Since their 
patients were being prepared for operation, why was 
hyperalimentation not begun? 

I find the use of the so-called prehepatic hyper- 
alimentation somewhat disturbing in view of my 
past experience with the use of the portal system 
and the high incidence of thrombosis and other 
complications. The authors failed to mention any 
complications related to this procedure, and I won- 
der if they did not see any. This would be a marked 
variance from past experience in infants and children 
among whom an unavoidably high rate of thrombo- 
sis was reported. Most centers have, therefore, aban- 
doned this method. Furthermore, since it is known 
that about 60 to 70% of all amino acids are cleared by 
the "first pass" through the liver, most physicians 
regard this kind of portal administration as unneces- 
sary. Perhaps the relatively high incidence of abnor- 
mal liver function studies reported by the authors are 
related to this mode of administration. 


DR. PICCONE: I will try to answer Dr. Abel first. We 
used prehepatic hyperalimentation because we be- 


lieve the metabolic complications with this tech- 
nique are fewer. Every day in each one of us, large 
quantities of nutrients enter the portal circulation, 
but no marked chemical abnormalities occur in the 
systemic blood because the liver has exerted its usual 
modulating influence on the concentrated solutions 
of nutrients that pass into the portal vein through the 
intestinal tract. Amino acids are absorbed by the 
liver in one pass, and that is precisely why we deliv- 
ered the nutrients through prehepatic hyperalimen- 
tation. 

Next is the problem of portal vein thrombosis. All 
solutions prepared for prehepatic infusion contained 
heparin. The tiny catheter was made of Silastic rub- 
ber. Portal vein angiography was performed every 
week. Some of the patients received prehepatic infu- 
sions for as long as ten weeks without thrombosis of 
the portal vein. 

Dr. Hankins asked about the selection of patients. 
Not all of the patients with carcinoma of the 
esophagus were referred to thoracic surgery. Some 
patients were sent directly for radiotherapy. Others 
were referred for some specific type of surgical palli- 
ation. Patients who had no sign of distant metas- 
tases, no pleural effusion, no ascites, and no recur- 
rent laryngeal nerve paralysis were candidates for 
resection and reconstruction. Postoperative radio- 
therapy was administered to patients having residual 
tumor on the trachea or main stem bronchi. We 
achieved a 10096 resectability rate by leaving a thin 
layer of tumor on the trachea and bronchus rather 
than risk an opening into the airway when the tumor 
was firmly attached and could not be readily peeled. 
The residual tumor was marked with metal clips to 
facilitate accurate delivery of radiotherapy. One pa- 
tient who did not receive radiotherapy for residual 
tumor on the right main bronchus died 11 months 
after resection; constricting tumor was found to in- 
volve the tracheal bifurcation. | 

Dr. Hughes, if there had been more time, the 
paper would have included comments similar to 
yours. Evaluation of Dr. Kirschner's approach awaits 
an understanding of the relation between removal of 
the bulk of the tumor and enhancement of the im- 
munocompetency of the patient. However, Dr. 
Kirschner successfully relieves obstruction and his 
operation does offer a nice alternative when there is a 
nonresectable tumor. 

As to the necessity for pyloroplasty, I now have 
reversed the position taken in our paper, and we 
agree that pyloroplasty or pyloromyotomy should be 
performed. We have 2 patients who have retention, 1 
early and 1 late. At present, we would do at least 
pyloromyotomy, which certainly should not increase 
the morbidity. ; 

The telescoped esophageal gastric anastomosis 
mentioned is precisely what we used. 


Acquired Benign 


Bronchoesophageal Fistulas in the Adult 


Alanson R. Spalding, M.D., Donald P. Burney, M.D., and Robert E. Richie, M.D. 


ABSTRACT In a twenty-year period we have seen 
7 patients with acquired nonmalignant broncho- 
esophageal fistulas at the Vanderbilt University 
Affiliated Hospitals. There were 5 men and 2 women 
ranging from 24 to 82 years old. Six patients were 
seen initially with a history of pulmonary inflam- 
matory disease with cough and fever or with an ab- 
normal chest roentgenogram. One patient had a 
traumatic fistula following blunt chest trauma. 

Six of the patients were treated surgically with no 
operative mortality. Five were repaired through a 
right-sided thoracotomy with division of the fistu- 
lous tract and closure of the bronchus and esoph- 
agus. One patient required esophageal resection 
and later reconstruction for permanent fistula 
closure. The remaining patient was diagnosed at 
bronchoscopy and was not treated surgically because 
of supervening complications following an extensive 
abdominal operation. Once the diagnosis was estab- 
lished, operative management resulted in complete 
closure of the fistulas, with no mortality and no late 
recurrences in these patients. 


Acquired bronchoesophageal fistulas are seen 
infrequently in the adult population. More than 
half of these fistulas are due to malignant dis- 
ease of the esophagus, bronchus, thyroid, or 
mediastinum [5, 18]. The remaining fistulas 
occur secondary to nonmalignant causes sucn 
as infection or trauma [20]. Although benign 
bronchoesophageal fistulas usually are seen 
with a variety of chronic respiratory symptoms, 
the finding of paroxysmal coughing after swal- 
lowing liquids can be absent. The nonspecific 
nature of the presenting symptoms often leads 
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tc a delay in diagnosis. Early diagnosis of bron- 
choesophageal fistula can be established with 
th= judicious use of contrast studies or endos- 
ccoy of the esophagus and tracheobronchial 
trze. Nonoperative management is generally 
ursuccessful and often fatal [1]. Surgical closure 
cf the fistula is the treatment of choice and is - 
associated with excellent long-term results [20]. 
Recent experience with the successful surgi- 
cal management of this entity in 4 patients 
prompted a review of their clinical histories as 
veell as the histories of an additional 3 patients. 
Tae etiology, clinical presentation, pathogen- 
sis, diagnosis, and treatment are discussed. 


Materials and Methods 

Seven patients with acquired benign bron- 
choesophageal fistula have been treated at the 
Vanderbilt University affiliated hospitals dur- 
ing the past twenty years (Table). There were 5 
men and 2 women whose ages ranged from 24 
70 82 years. The duration of symptoms was from 
ve days to nineteen years. When the patients 
were first seen, the symptoms were usually of a 
chronic pulmonary nature. Paroxysmal cough- 
ing following fluid ingestion could be docu- 
mented in only 2 patients. Six patients were 
seen initially with a chronic cough. Fever, re- 
current pulmonary infections, and dysphagia 
were other symptoms, each occurring in 2 pa- 
tients. One patient had chronic bronchitis. The 
youngest patient, with blunt chest trauma, had 
excessive production of sputum and experi- 
enced the sudden onset of respiratory distress 
five days after injury. 

All patients were evaluated with routine 
admission laboratory examinations, chest 
roentgenograms, and  electrocardiograms. 
Esophagography and bronchoscopy were per- 
formed in 6 patients. Three patients underwent 
esophagoscopy. Cultures, stains, and skin test- 
ing for tuberculosis and other fungal diseases 
were done on selected patients. 


Snaldinag 
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Summary of Clinical Findings in 7 Patients with Bronchoesophageal Fistula 


aaa es Pe 


Patient No., Duration 

Age (yr), of Chief Method of 

Sex Fistula Symptoms Diagnosis 

1. 59, male 3 mo Chronic cough, Esophagogram 
paroxysmal 
coughing 

2. 76, female 6 mo Chronic cough, Esophagogram 
bronchitis 

3. 76, female 10 to 15 yr Paroxysmal Esophagogram 
coughing, dys- 
phagia, chronic 
cough 

4. 48, male 6 to 12 Chronic cough, Bronchoscopy 

mo dysphagia, 

peptic ulcer 
disease 

5. 64, male l yr Chronic cough, Esophagogram 
fever, pneu- 
monia 

6. 82, male 19 yr Chronic cough, Esophagogram 
fever, pneu- 
monia 

7. 24, male 5d Excessive Bronchoscopy 


sputum, blunt 
chest trauma, 
respiratory 
distress 


Etiology 


Mycobacterium 
tuberculosis 


Mycobacterium 
tuberculosis 


Inflammatory 


Inflammatory sus- 
pected 


Myobacterium 
tuberculosis 


Inflammatory: 
histoplasmosis 
suspected 


Trauma 


Operation 


Fistula divided, 
esophageal diver- 
ticulum resected 


Fistula divided 


Fistula divided 


None 


Fistula divided, right 
middle lobectomy 


Fistula divided, 
esophageal diver- 
ticulum resected, 
right middle and 
lower lobectomy 


Fistula divided, 
esophagus resec- 
ted, and later re- 
constructed 


Results 


Cure 


Cure 


Cure 


Died 


Cure 


Cure 


Cure 





Clinical Results and Operative Findings 

The initial diagnosis was established by barium 
swallow or cineesophagogram in 5 of the 6 pa- 
tients (Fig 1). One patient had a presby- 
esophagus with tertiary contractions as well 
as a fistula (Fig 2). Three patients had esc- 
phageal diverticula in addition to the fistula 
(Fig 3). Bronchoscopy established the diagnosis 
in 2 of 6 patients, while esophagoscopy iden- 
tified the fistula in only 1 of 3 patients. Infusion 
of methylene blue into the esophagus was used 
in 1 patient and was not helpful. 

The anatomical location of the fistula varied. 
In three instances, it was between the mid- 
esophagus and the right main bronchus. 
Other locations were between the upper 
esophagus and the trachea, between the 
midesophagus and the right bronchus inter- 
medius, between the midesophagus and the 
left main bronchus, and between the lower 
esophagus and the right lower lobe brónchus 
(Fig 4). The cause of the fistula was inflamma- 
tory in 6 patients, and traumatic in 1. Mycobacte- 





Fig 1. Esophagogram demonstrating fistulous tract 
(arrow) between the midesophagus and the right main 
bronchus. 
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Fig 2. Esophagogram showing a presbyesophagus with 
tertiary contractions and a fistula (arrow) between the 
midesophagus and the right bronchus intermedius. 





Fig 3. Esophagogram revealing an esophageal diver- 
ticulum (arrow) communicating with the right lower 
lobe bronchus. 











Fig 4. Location of the 7 bronchoesophageal fistulas in 
our 7 patients. There is 1 fistulous tract to the trachea, 
3 to ihe right main bronchus, 1 to the left main bron- 
chus, 1 to the right bronchus intermedius, and 1 to the 
right lower lobe bronchus. 


rium tuberculosis was identified as the causative 
organism in 3 patients. In the other 3, no spe- 
cific organism could be identified. Histoplas- 
mosis was strongly suspected in 1 of these pa- 
tients because of a positive histoplasmosis skin 
test and complement fixation. 

The 5 patients with a right broncho- 
esophageal fistula underwent division of 
the fistula through a right thoracotomy. An 
esophageal diverticulum was resected in 2 pa- 
tients. In all patients, the esophagus was closed 
in two layers; adjacent mediastinal nodes were 
resected; and a pleural flap was interposed 
between the esophagus and the tracheobron- 
chial tree. One patient with an infected right 
middle lobe and 1 patient with an infected right 
middle and lower lobe required concomitant 
lobectomy with the fistula division. All of these 
patients did well postoperatively and recovered 
uneventfully. One patient died three months 
postoperatively of heart failure and left lower 
lobe pneumonia. There was no fistula recur- 
rence in any of these patients. 
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The patient with the traumatic fistula be- 
tween the distal trachea and the esophagus 
underwent repair through a right thoracotomy. 
Although esophageal diversion was accom- 
plished by division of the esophagus, cervical 
esophagostomy, and gastrostomy, the fistula 
recurred. Distal esophagectomy was necessary 
for permanent fistula closure. Gastrointestinal 
continuity was reestablished three months later 
with use of a right colonic substernal interposi- 
tion. The remaining patient was discovered to 
have a bronchoesophageal fistula in the post- 
operative period after undergoing a truncal 
vagotomy and antrectomy for peptic ulcer dis- 
ease. Repair of the fistula was deferred because 
of a gastric anastomotic leak that led to the pa- 
tient’s death. 


Comment 

The proximity of the esophagus to the tracheo- 
bronchial tree makes these structures susceptible 
to the development of various types of bron- 
choesophageal fistulas. Congenital fistulas have 
been reported in more than 25 patients [3, 4]. 
The majority of acquired bronchoesophageal 
fistulas occur as the result of malignant disease 
of the thyroid, esophagus, tracheobronchial 
tree, or mediastinum [18]. The malignant pro- 
cess invades the esophagus or respiratory tract 
causing erosion and fistula formation. 

Infection is the leading cause of acquired be- 
nign bronchoesophageal fistula [20]. Mycobac- 
terium tuberculosis, which was identified in 3 of 
our patients, is the most common organism 
causing inflammatory fistulas [19, 20]. Inflam- 
matory fistulas can result from syphilis [20], 
histoplasmosis [9, 10], and actinomycosis [20]. 
However, in a significant number of inflam- 
matory fistulas, including at least 2 in our pa- 
tients, no causative organism can be identified 
[21]. In these instances, the infection has passed 
from an active to an inactive phase at the time 
the fistula develops. Hutchin and Lindskog [9] 
postulated that histoplasmosis may often be the 
causative organism in such cases. 

Several mechanisms have been proposed for 
the pathogenesis of inflammatory broncho- 
esophageal fistula [1, 10, 18, 21]. Infection 
from tuberculosis and other granulomatous 


diseases causes enlargement of the paratra- 
cheal, parabronchial, and other adjacent me- 
diastinal nodes. Caseation and necrosis of 
these nodes occurs with abscess formation, ero- 
sion, and eventual rupture into the esophagus 
and the trachea [21]. Necrosis of syphilitic 
mediastinal gumma into these structures also 
leads to the development of a fistula [18]. 

Bronchoesophageal fistulas can occur after 
healing of inflamed mediastinal nodes. In his- 
toplasmosis and other granulomatous diseases, 
calcification of the mediastinal nodes occurs 
with secondary erosion into the esophagus and 
the tracheobronchial tree [10]. Broncholithiasis 
has been reported as the presenting symptom 
in such a fistula [21]. Fibrosis around the 
esophagus secondary to a resolving adenitis 
from granulomatous or nongranulomatous in- 
fections can produce a traction esophageal di- 
verticulum. This acute esophageal diverticulum 
Or a preexisting esophageal diverticulum can 
rupture into the tracheobronchial tree in several 
ways [5, 12, 16]. The initial inflammatory pro- 
cess can cause a fistula. Erosion of the diver- 
ticulum and a bronchus by a calcified lymph 
node also can lead to a fistula. Finally, inflam- 
mation of the diverticulum, particularly at its 
tip, can cause rupture of the diverticulum into 
the respiratory tree. Stewart and co-workers 
[16] reported that the esophageal diverticula 
were associated more commonly with fistulas 
on the right than on the left side and that they 
communicated with the bronchus rather than 
the trachea. This was observed in 2 of our pa- 
tients who had an esophageal diverticulum, 
calcified mediastinal nodes, and a right-sided 
bronchoesophageal fistula. 

Trauma is another important cause of a bron- 
choesophageal fistula [18, 20]. The fistula can 
occur secondary to blunt chest injury [2, 11], lye 
or foreign body ingestion [20], operative injury 
[20], penetrating injury [20], or pressure necro- 
sis caused by a cuffed tracheostomy or endo- 
tracheal tube [6, 17]. The bronchoesophageal 
fistula from blunt chest trauma usually occurs 
in the younger person with a more pliable chest 
cage and is associated with the more severe in- 
trathoracic injury [11]. When the trachea and 
esophagus are forcibly compressed between the 
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sternum and the vertebral column due to blunt 
chest trauma, the posterior wall of the trachea 
or bronchus can be torn. Concomitant injury to 
the anterior wall of the esophagus will result in 
a fistula. When only the tracheobronchial tree is 
injured, the peribronchial inflammation can 
lead to breakdown of the esophagus and a late 
bronchoesophageal fistula. 

The majority of patients with fistulas from 
an infectious origin often are seen first with 
chronic respiratory symptoms. The larger fis- 
tulas usually produce the classic finding of 
paroxysmal coughing after ingestion of fluids or 
solids, as in 2 of our patients. Fistulas of longer 
duration are more prone to recurrent fever 
and pulmonary infections such as bronchitis, 
pneumonia, lung abscess, or bronchiectasis. 
The smaller fistulas often have minimal symp- 
toms such as a chronic cough or occasional 
dyspnea. Other symptoms include hemoptysis, 
dysphagia, and weight loss. Traumatic fistulas 
usually manifest themselves three to five days 
after injury and can cause respiratory distress 
[11]. The nonspecific nature of the respiratory 
symptomatology sometimes results in a delay 
in diagnosis, as occurred in 3 of our patients. 

Roentgenographic examination of the esoph- 
agus with contrast material proved to be the 
best study for confirming the diagnosis of a 
bronchoesophageal fistula. Thorough exam- 
ination of the esophagus and the upper gas- 
trointestinal tract using fluoroscopy with an 
image intensifier allows recognition of the fis- 
tula during swallowing or during reflux of 
contrast material from the stomach into the 
esophagus. Other coexistent involvements such 
as a diverticulum, a hiatal hernia, or an 
esophageal motility disorder, can be identified 
during the esophagogram. Esophagoscopy is 
less helpful in visualizing a fistula because 
the fistula can be concealed between folds of 
esophageal mucosa [8]. Esophagoscopy can 
provide biopsy material for examination and 
help evaluate other esophageal disease. Bron- 
choscopy is much more successful in estab- 
lishing or confirming the presence of a fistula as 
well as obtaining material for cytological, bac- 
teriological, and pathological studies. The fis- 
tula can be seen on the membranous wall of the 
trachea or bronchus. Instillation of methylene 


blue into the esophagus after obstruction of the 
esophagus with a balloon distal to the sus- 
pected fistula site allows visualization of the 
fistula orifice during bronchoscopy. Another 
method for fistula identification is instilling 
methylene blue into the trachea under positive 
pressure ventilation and observing the appear- 
ance of the methylene blue by esophagoscopy. 
Bronchography can be useful in evaluating res- 
piratory involvements, such as bronchiectasis. 

Although spontaneous closure of acquired 
benign bronchoesophageal fistula has been re- 
ported [1, 19], surgical intervention with fistula 
division and resection of diseased lung tissue is 
the preferred method of treatment [1, 18, 20]. 
Lesser procedures such as gastrostomy, cervical 
esophagostomy, or cauterization of the fistula 
have little chance of success. Even though there 
was one early recurrence in our series—the pa- 
tient with traumatic fistula who required a sec- 
ond procedure for permanent closure—all other 
patients in our series had no recurrences, with 
minimal surgical morbidity and no operative 
mortality. These results are similar to those re- 
ported by others [1, 20]. 

Depending on the location of the fistula, the 
surgical approach can be through a cervical, 
midsternal, or right or left transpleural incision. 
A high tracheoesophageal fistula can be ap- 
proached through a cervical or midsternal inci- 
sion. A left thoracotomy incision is used for a 
fistula between the lower esophagus and the 
left upper or lower lobe. A right thoracotomy 
incision, the most common incision in our se- 
ries, can be employed if esophageal diversion is 
required, or for a fistula between the esophagus 
and the lower trachea, between the esophagus 
and the left or the right main bronchus, or be- 
tween the esophagus and the right upper or 
lower lobe. 

At operation the fistula is identified and di- 
vided. Any associated esophageal diverticulum 
is resected, with closure of all esophageal de- 
fects in two layers. All adjacent mediastinal 
nodes and necrotic tissue should be excised. Ir- 
reversibly damaged lung tissue needs to be re- 
moved with a lobectomy or pneumonectomy. 
Finally, exogenous tissue should be placed 
between the esophagus and bronchus. Several 
methods have been described, including a 
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pleural flap [18], a muscle flap [7], a pericardial 
flap [14], and a diaphragmatic muscle flap [14]. 
Traumatic fistulas, particularly large ones, be- 
tween the trachea and esophagus can require 
esophageal diversion, as advocated by Utley 
and associates [17]. After the fistula has healed, 
esophageal reconstruction can be accomplished 
by several methods [13]. 

Although a rare occurrence, the diagnosis of 
an inflammatory bronchoesophageal fistula 
should be suspected in patients who are seen 
with chronic pulmonary symptoms. Likewise, 
the occurrence of a fistula between the esoph- 
agus and the respiratory tree should be ex- 
cluded in the young patient with severe blunt 
chest trauma. With the appropriate use of 
roentgenographic contrast studies of the 
esophagus as well as endoscopic examinations 
of the esophagus and tracheobronchial tree, 
serious delays in diagnosis can be avoided. 
Prompt operative intervention can provide ex- 
cellent long-term results and can be performed 
with a low morbidity and mortality. 
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Diagnosis and Management 


of Major Tracheobronchial Injuries 


Frederick L. Grover, M.D., Cheryl Ellestad, B.5., 


Kit V. Arom, M.D., H. David Root, M.D., 


Anatolio B. Cruz, M.D., and J. Kent Trinkle, M.D. 


ABSTRACT From 1968 to 1978, 14 patients were 
treated for major tracheal or bronchial injury. Five 
injuries resulted from blunt trauma and nine from 
penetrating injury. Of the 5 patients with injury 
due to blunt trauma, three had avulsions of the right 
main bronchus from the trachea. In 2 of them, the 
injury was associated with stellate tears of the distal 
trachea and bronchus. The simple avulsion was re- 
paired by a primary anastomosis of the right main 
bronchus to the distal trachea. For the other 2 pa- 
tients, treatment consisted of right pneumonectomy. 
The remaining 2 patients in this group had complete 
transection of the trachea and underwent primary 
repair. 

Of the 9 patients with a penetrating injury, 4 had 
lacerations of the cervical trachea which were treated 
with neck exploration and tracheostomy. Three pa- 
tients with partial transections of the cervical or 
upper mediastinal trachea were treated by primary 
closure. The other 2 patients had gunshot wounds to 
the distal right lateral trachea, which were treated by 
right thoracotomy and primary closure. There were 
no deaths, and the subsequent course was generally 
good in all patients. 


Patients with major tracheobronchial injuries 
are arriving alive at hospital emergency rooms 
with increasing frequency because of improved 
ambulance transport systems. These injuries 
must be suspected in any penetrating or blunt 
trauma to the neck and chest. The past 10-year 
experience at the University of Texas Health 
Science Center at San Antonio was reviewed in 
an effort to ascertain the pertinent physical 
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findings and diagnostic techniques that would 
result in more prompt diagnosis, and to analyze 
the most effective methods of airway control 
and treatment. 


Material and Methods 

Fourteen patients with major tracheobronchial 
injuries were treated from 1968 to 1978, 9 with 
peretrating injuries and 5 with blunt trauma. 
Six of the penetrating injuries were caused by 
gunshot wounds and three by stab wounds. 
Transection of the cervical trachea, one medi- 
astinal trachea (Fig 1), and three avulsions 
of the right main bronchus occurred from blunt 
trauma. Seven of the penetrating injuries were 
to :he cervical trachea and two, to the mediasti- 
nal trachea. 

The average age of the patients treated for 
blunt injury was 23 years and for the group 
with penetrating injury, 36 years (overall aver- 
age age, 31 years). The youngest patient treated 
was 3 years old and the oldest, 65 years old. 
There were 13 male patients and 1 female pa- 
tient. 

Physical examination (Table 1) revealed sub- 
cutaneous emphysema in 13 of the 14 patients. 
It was absent in the 3-year-old child, who had 
an avulsion of the right main bronchus and a 
large air leak into the right pleural space (Fig 2). 
One patient with blunt trauma to the cervical 
trachea and 2 of the 7 patients with penetrating 
injury to the cervical trachea were noted to 
have pneumothorax on chest roentgenogram 
(Table 2), whereas 1 out of 2 with penetrating 
mediastinal trauma had this finding. Hemo- 
thorax due to associated injuries was also 
occasionally found (Fig 3). 

Additional diagnostic studies included bron- 
choscopy, esophagoscopy, and barium swal- 
low. Bronchoscopy was performed in 6 pa- 
tients, 3 from each group. It was diagnostic in 
all patients, and in the patient with the blunt 
injury to the mediastinal trachea aided in the 
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Fig 1. Chest roentgenogram, made in the emergency 
room, of a patient with complete transection of the 
mediastinal trachea from blunt trauma. Note the sub- 
cutaneous emphysema of the chest and neck, and the 


deep cervical and mediastinal emphysema including a Fig 2. Chest roentgenogram of a 3-year-old child with 
small pneumopericardium. Although chest tubes were complete avulsion of the right main bronchus from the 
inserted, there were no air leaks and no associated trachea and stellate tears of the bronchus demonstrates 
pneumothoraces. a large right pneumothorax in spite of tube thoracos- 


tomy with inferior displacement of the lung. Note the 
absence of mediastinal and subcutaneous emphysema. 


Table 1. Physical Findings 
i 


Blunt Injury Penetrating Injury 
CT MT B CT MT B Total 
Finding (1) (1) (3) (7) (2) (0) (14) 
Subcutaneous emphysema 1^ 1 2 7" 2 0 13 
Respiratory distress 1 1 3 2 1 0 8 
Shock 0 0 1 1 0 0 2 
Flail 0 0 1 0 0 0 1 


“Open wound. 
"Two of 7 had an open wound. 


CT = cervical trachea; MT = mediastinal trachea; B = bronchial. 


Table 2. Chest Roentgenographic Findings 


————— ———À a —— M M—— M — MÀ 








Blunt Injury Penetrating Injury 
CT MT B CT MT B Total 
(1) (1) (3) (7) (2) (0) (14) 
Subcutaneous emphysema 1 1 2 7 2 0 13 
Mediastinal emphysema 1 1 2 2 2 0 8 
Pneumothorax 1 0 3 2 1 0 d 


CT = cervical trachea; MT = mediastinal trachea; B = bronchial. 
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Fig 3. Chest roentgenogram of a patient who sustained a 
gunshot wound at the base of the left side of the neck. 
The trachea and the right upper lobe were injured. Note 
the fragment in the right upper chest, the subcutaneous 
air, the air deep in the neck and in the mediastinum, 
and the right hemothorax. 


establishment of the airway. Esophagoscopy 
was performed on 1 patient with disruption of 
the right bronchus due to blunt injury and was 
negative. It was performed also on 2 patients 
with penetrating injury to the cervical trachea 
and was positive in 1. Barium swallow was 
performed twice, and was negative in both in- 
stances. 

Management of the airway is a very impor- 
tant initial aspect of treatment. In the patient 
who sustained blunt trauma to the cervical 
trachea secondary to a rope injury, the injury 
was an open one, and the airway was obtained 
by inserting an endotracheal tube into the distal 
trachea through the injury. In the patient with 
blunt injury to the mediastinal trachea, a fi- 
beroptic flexible tracheoscope was passed into 
the trachea. The injury was identified and the 
flexible scope was manipulated into the distal 
segment. The endotracheal tube was passed 
over the tracheoscope using it as a guide, 
thereby securing the airway (Fig 4). In 1 of the 3 
patients who sustained a blunt injury and had 
disruption of the right main bronchus from the 
trachea, a Carlens tube was inserted, while the 
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Fig 4. A technique for insertion of an endotracheal tube 
in a patient with tracheal trauma. A tracheoscope is 
manipulated into the distal trachea past a posterior dis- 
placement, and then serves as a stent for the insertion of 
the endotracheal tube. 


patient was in the operating room, for control of 
the airway. The airway of the second patient 
was controlled by advancing an endotracheal 
tube past the injury and into the left main bron- 
chus during the operative procedure. The third 
patient was managed initially with tracheos- 
tomy, and then the left main bronchus was in- 
tubated at operation through the avulsion 
opening at the takeoff of the right main bron- 
chus. 

The airways of the 7 patients with penetrat- 
ing injury to the cervical trachea were managed 
bv oral endotracheal tubes. The airways of 
the 2 patients with penetrating injuries to the 
mediastinal trachea were managed with oral 
endotracheal tubes, which were advanced 
during the operative procedure into the left 
main bronchus. 


Blunt Injuries and Their Treatment 

There was complete transection of the trachea at 
the level of the first tracheal ring secondary to a 
rope injury in 1 patient. A primary anastomosis 
was performed, followed by a distal tracheos- 
tomy and stenting of a fractured larynx. The 
second patient had complete transection of the 
trachea at the level of the ninth and tenth rings. 
It was approached through an incision of the cer- 
vical collar and a median sternotomy, and pri- 
mary tracheal repair was performed using inter- 
rupted 3-0 nonabsorbable suture technique, 
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with the sutures being placed through the car- 
tilage and the knots tied on the outside (Fig 5). 
The third patient had an avulsion of the right 
main bronchus from the trachea with a stellate 
tear of the posterior membranous trachea, 
which extended distally onto the right main 
bronchus. In addition, there was destruction 
of the proximal right main bronchus and a 
laryngeal fracture. Following bronchoscopy and 
esophagoscopy, a right thoracotomy was per- 
formed. Because of the extensive injury to the 
right main bronchus and the necessity to use 
part of the bronchus to close the distal trachea, a 
right pneumonectomy was performed and the 
proximal right main bronchus was used to form 
a flap for closure of the trachea (Fig 6A). A 
laryngeal stent was then inserted for the 
laryngeal fracture. The fourth patient with 
blunt injury was a 3-year-old child who also 
had an avulsion of the right main bronchus 
from the trachea with a stellate tear of the bron- 
chus intermedius and the lower lobe bronchus. 
Because of the extent of this injury, a right 
pneumonectomy was performed and the 
trachea at the tracheobronchial junction was 
closed with interrupted nonabsorbable sutures. 
The fifth patient also had an avulsion of the 
right main bronchus from the trachea, but it 
was a clean avulsion with no stellate fractures. 
He was treated initially by a tracheostomy, and 
later by bronchoscopy, right thoracotomy, and 
primary repair (Fig 6B). 


Penetrating Injuries and Their Treatment 

There were seven injuries of the cervical trachea 
secondary to penetrating trauma: four gunshot 
wounds and three stab wounds. All were ap- 
proached through collar incisions except one, 
which was at the base of the neck just behind 
the manubrium and was associated with a right 
upper lobe injury and hemopneumothorax. 
This was approached through a median ster- 
notomy so as to have access to both injuries. 
Three patients were treated with tracheostomy 
only through the injury. The fourth patient 
with a stab wound and posterior laceration of 
the trachea at the level of the first and second 
cartilage was treated with tracheostomy and 
drainage. The fifth patient had a gunshot 
wound to the lateral trachea at the level of the 
first and second cartilage; it was closed pri- 





Fig 5. Complete tracheal disruption secondary to blunt 
trauma. (A) The distal trachea is intubated with a sterile 
endotracheal tube by the operating surgeons after re- 
moval of the oral endotracheal tube. (B) Interrupted 3-0 
Ethiflex sutures are placed through the cartilage, 
proximally and distally. The posterior row has been 
tied. The operative endotracheal tube has been removed 
and an oral tube advanced into the distal trachea. (C) 
The anterolateral portion of the anastomosis is then 
completed. 
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Fig 6. (A) Stellate tear of the right main bronchus with 
partial avulsion from the trachea and posterior lon- 
gitudinal membranous tracheal tear. Because of the ex- 
tent of the injury to the right main bronchus and the 
injury to the distal trachea, a right pneumonectomy ts 
performed. The posterior tracheal tear is sutured with 
interrupted technique, and a portion of the right main 
bronchus is then turned as a flap to close the tracheal 
defect. (B) Complete avulsion of the right main bron- 
chus from the trachea. The right main bronchus is 
anastomosed to the trachea at the site of avulsion using 
interrupted sutures, which are placed through the car- 
tilage with knots on the outside. 


marily following bronchoscopy and esophagos- 
copy. An associated esophageal tear also was 
closed primarily. The remaining two injuries to 
the cervical trachea, a stab wound to the an- 
terior trachea at the level of the fourth ring and 
a gunshot wound to the trachea at the level of 
the sixth and seventh cartilage, were closed 
primarily, the latter by median sternotomy. The 
eighth patient experienced a gunshot wound to 
the right chest with injury to the trachea just 
proximal to the azygos vein. This patient 
underwent bronchoscopy, removal of the bullet 
which had embolized to the left lower lobe, 
right thoracotomy, and primary closure of the 
trachea with interrupted 3-0 nonabsorbable 
sutures. The ninth patient had a gunshot 
wound to the right chest, which penetrated the 





trachea proximal to the carina and also caused a 
partial muscular tear of the adjacent esophagus. 
Following bronchoscopy, a right thoracotomy 
was done, along with primary closure of the 
membranous trachea, oversewing of the eso- 
phageal muscle, and insertion of a pleural flap 
between the two injuries (Fig 7). 


Associated Injuries 

Two of the 5 patients with blunt trauma had 
associated injuries. The patient with an injury 
to the cervical trachea had a fractured larynx, 
and 1 of the patients with a right bronchial dis- 
ruption had a fractured larynx and mandible, 
and a flail chest. Five of 7 patients with pene- 
trating injury to the cervical trachea had asso- 
ciated lesions. The esophagus and lung were 
injured in 2 patients and the colon, diaphragm, 
arm, and carotid artery were injured in another 
patient. One of 2 patients who sustained pene- 
trating trauma to the mediastinal trachea had 
an associated esophageal injury. 


Results 

All patients survived operation. Postoperative 
mechanical ventilation was brief in most pa- 
tients, being 1 day or less in the patients with 
peretrating trauma and an average of 3 days in 
the patients with blunt trauma. 

Complications occurred in 6 patients and in- 
cluded suture granuloma in 2, fever, pneumo- 
nia, aspiration pneumonitis, wound infection, 
transfusion reaction, respiratory arrest (preop- 
eratively), and musculocutaneous nerve palsy. 
It is noteworthy that the only patient in whom 
a wound infection developed was the one 
who did not receive prophylactic antibiotics. 

The average hospitalization for the total 
group was 13 days. The patients who sustained 
blunt trauma to the cervical and mediastinal 
trechea and to the right main bronchus were in 
the hospital 17, 11, and 19 days, respectively. 
The patients with penetrating trauma to the 
cervical and mediastinal trachea were in the 
hospital 12 and 9 days, respectively. All pa- 
tients did well postoperatively, and after dis- 
charge from the hospital, 13 out of 14 returned 
to previous levels of activity, 1 patient noticing 
slight dyspnea with heavy exercise. 
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Fig 7. Penetrating injury to the mediastinal trachea and 
partial-thickness esophageal injury. (A) Note the defect 
in the membranous trachea, just proximal to the azygos 
vein, and the associated partial-thickness esophageal 
injury. The airway was controlled by passing an oral 
endotracheal tube distal to the injury. (B) Following clo- 
sure of both wounds with interrupted nonabsorbable 
sutures, a pedicled pleural flap is inserted between the 
trachea and the esophagus to decrease the incidence of 
fistula formation. 


Comment 
In 1947, Kinsella and Johnstrud [9] reported 2 
cases of tracheobronchial injury and reviewed 
the 38 cases that had been reported in the liter- 
ature. Most of the operations at that time were 
performed without the current surgical and an- 
esthetic techniques, and the results were rather 
unsatisfactory. Twelve years later, Hood and 
Sloan [8] reported on 7 patients and reviewed 91 
other cases from the world literature. Their pa- 
tients all survived and were much improved. 
These authors noted many of the symptoms 
that were present in our study—dyspnea, 
pneumothorax, subcutaneous emphysema, cya- 
nosis, pain, hemoptysis, shock, cough, and 
hemothorax. 

In 1961, Shaw and co-workers [15] reported 
on 13 patients with traumatic tracheal rupture. 
They stressed that primary repair of the trachea 


should be performed during the acute phase 
whenever possible, and emphasized the disad- 
vantages encountered with secondary repairs of 
a ruptured trachea. Urschel and Razzuk [17] ad- 
vocated tracheostomy as an effective means of 
treating small tears of the tracheobronchial tree 
by preventing an increase in the intraluminal 
pressure and thus reducing air leak. However, 
they emphasized early surgical repair and pri- 
mary anastomosis in rupture separation or large 
tears. 

Kirsh and associates [10] extensively re- 
viewed the pathogenesis of tracheobronchial 
injuries and postulated three mechanisms of 
injury. The first was that the injuries occur be- 
cause of a decrease in the anteroposterior 
diameter cf the thorax, with a concomitant 
widening cf the transverse diameter. This cre- 
ates lateral motion producing traction on the 
trachea at the carina. The second explanation is 
that the glottis is closed when impact occurs. 
This means that the intratracheobronchial pres- 
sures exceed their elastic strength. The third 
hypothesis is that rapid deceleration causes 
shearing forces at the points of fixation at the 
cricoid cartilage and carina, causing a disrup- 
tion. These authors found that the mechanism 
of blunt injury to the cervical trachea is usually 
direct trauma to the area. 
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Symbas and co-workers [16] reported on 
20 patients with acute penetrating tracheal 
trauma, 15 cervical and 5 thoracic, from Grady 
Memorial Hospital. Tracheostomy alone was 
performed in 5 patients, repair of the tracheal 
injury and tracheostomy were performed in 3 
patients, repair of the tracheal wound with 
temporary endotracheal intubation was done 
in 4 patients, a tracheocutaneous stoma was 
created in 1, temporary tracheal intubation was 
done only in 4, and observation alone was used 
in 3 patients. 

There are numerous other case reports and 
reviews of both blunt and penetrating injury to 
the tracheobronchial tree, most of which em- 
phasize the same physical findings, patho- 
physiology, roentgenographic findings, and 
management as do the articles already cited 
[1-7, 11-14]. 

The physical findings in our patients were 
very similar to those previously mentioned. 
Subcutaneous emphysema was the most com- 
mon finding, occurring in 13 of the 14 patients. 
Respiratory distress was present in 8 of 14 pa- 
tients and was seen more frequently in the pa- 
tients with blunt trauma. It was found in all 5 of 
these patients compared with only 3 of the 9 
patients with penetrating trauma. 

Subcutaneous emphysema was the most 
consistent finding on chest roentgenogram. It 
was demonstrated in 13 of the 14 patients, corre- 
lating precisely with the physical findings. 
Mediastinal emphysema was present in 8 of the 
14 patients, and occurred in all but 1 of the pa- 
tients with blunt trauma. It was present in both 
of the patients with penetrating injury to the 
mediastinal trachea but in only 2 of the 7 pa- 
tients with penetrating injury to the cervical 
trachea. Pneumothorax was present in 6 of the 
14 patients—in all 3 patients with blunt bron- 
chial injury, in the patient with blunt injury to 
the cervical trachea, and in 2 of the 7 patients 
with penetrating trauma to the cervical trachea. 
Therefore, injury to the cervical or mediasti- 
nal trachea usually produces subcutaneous or 
mediastinal emphysema, but frequently does 
not produce a pneumothorax because of con- 
tainment of the air within the deep cervical fas- 
cia and mediastinum. In our series, all of the 
patients with injury to the cervical and medias- 


tinal trachea had subcutaneous emphysema, 
and 6 of 11 had mediastinal emphysema, but 
only 4 of 11 had a pneumothorax. 

The pneumothoraces associated with avul- 
sion of the right main bronchus did not expand 
easily with tube thoracostomy because there 
were tremendous air leaks. The finding re- 
ported by Kirsh and colleagues [10] that the af- 
fected lung not only collapsed because of the 
pneumothorax but also dropped inferiorly be- 
cause of loss of anchoring support was noted 
also in our patients with this injury. 

Bronchoscopy was the single most definitive 
diagnostic study. It was particularly useful in 
blunt traumatic injuries and in penetrating in- 
juries to the mediastinal trachea. The patient 
who sustained blunt injuries to the mediastinal 
trachea underwent fiberoptic tracheoscopy with 
identification of the lesion, and an endo- 
tracheal tube was then passed over the tracheo- 
scope, using it as a stent. The 2 adult patients 
with avulsion of the right main bronchus 
underwent bronchoscopy, with a resultant 
diagnosis, and both patients with penetrating 
injury to the mediastinal trachea were diag- 
nosed by bronchoscopy. Only 1 of 7 patients 
with penetrating injury to the cervical trachea 
underwent bronchoscopy since it was thought 
that the injury could be easily identified at the 
time of neck exploration. No known injuries 
were missed even though these patients did not 
undergo bronchoscopy. 

Esophagoscopy was performed on only 3 
of the 14 patients and was positive in 1 pa- 
tient with penetrating cervical trauma. Barium 
swallow was negative in the 2 patients on 
whom it was performed. Barium swallow was 
not used on the patients with blunt trauma 
because of the low incidence of associated 
esophageal injury and because of the severity 
of their respiratory problems. An associated 
esophageal injury is always a possibility in 
penetrating injuries, but it was assumed that a 
careful exploration would reveal any such in- 
jury. In our series, no injuries were missed. 

Only 2 of the 5 patients with blunt trauma 
had associated injuries compared with 6 of the 9 
patients with penetrating injuries. This concurs 
with the findings of Symbas and associates [16]: 
10 of their 20 patients with penetrating trauma 
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had major associated injuries, the most fre- 
quent being esophageal and arterial injuries. 

Once a good airway has been obtained, the 
patient can be treated in a stepwise, well- 
controlled fashion. Management of the airway 
in the patient with blunt trauma is technically 
the most demanding since these injuries cause 
greater disruption of the airway than do knives 
and low-velocity missiles. A blind endotracheal 
intubation in our patient with a disruption 
high in the mediastinal trachea would probably 
have gone into the subcutaneous tissue since 
the distal trachea was displaced posteriorly. 
This was noted by flexible tracheoscopy, and 
the tracheoscope was then passed into the distal 
trachea and used as a stent over which the en- 
dotracheal tube was passed. An equally satis- 
factory method of managing this patient's 
airway would have been to perform a rigid 
bronchoscopy, with manipulation of the bron- 
choscope into the distal trachea and use of it as 
an airway. The airway of patients with avulsion 
of a major bronchus can usually be managed by 
advancing the oral endotracheal tube past the 
lesion at operation, by using a Carlens tube, or 
by inserting a sterile endotracheal tube into the 
distal airway at operation, as was done in 1 of 
our patients. 

The airway of patients with penetrating in- 
juries of either the cervical or mediastinal 
trachea can usually be managed by passing the 
oral endotracheal tube distal to the injury. If 
considerable disruption is present, one of the 
techniques just noted may be necessary. 

Primary anastomosis of the avulsed trachea 
or bronchus was the method of choice in 3 of 
our 5 patients with blunt injury. This could not 
be performed in 2 patients with avulsion of the 
right main bronchus because of distal stellate 
tears of the right bronchi; pneumonectomy was 
performed in both patients. 

Primary closure of the trachea was done in 5 
of the 9 patients with penetrating injuries. 
Tracheostomy and drainage were performed on 
1 patient with a stab wound which caused a 
posterior laceration of the trachea at the first 
and second cartilage. Two patients with gun- 
shot wounds through the cervical trachea were 
treated by tracheostomy, with the tube inserted 
through the injury. In these 2 patients there was 


some loss of tissue, which would have made a 
primary closure difficult without removing one 
or two tracheal rings and doing a complete 
reanastomosis. 

All of the patients recovered and returned 
to normal activity, with the exception of 1 pa- 
tient who notices some fatigue with extreme 
exertion. 
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Ten Years’ Experience with Pulmonary 
Autograft Replacements for Aortic Valve Disease 


G. Gula, M.D., W. H. Wain, Ph.D., and D. N. Ross, F.R.C.S. 


ABSTRACT Pulmonary autograft valves have been 
used to replace isolated, diseased aortic valves for 10 
years, with a long-term survival of 73%. The low 
incidence of degeneration supports the principle that 
the autograft valve is a potentially permanent valve 
replacement. Operative mortality is now less than 
5%, despite the longer, more complex operation. 
The current use of fresh homograft valves for the 
pulmonary replacement has contributed to these ex- 
cellent long-term results. 


In 1967, a procedure for replacing a diseased 
aortic valve was described [7]. It entails trans- 
ferring the pulmonary valve to the aorta; the 
right ventricular outflow tract is reconstructed 
at the same time. The advantages of and indi- 
cations for this procedure were described by 
Gonzalez-Lavin and co-workers [4], and en- 
couraging results from one series for a 
follow-up period of 6 years have been reported 
[8]. The purpose of this paper is to present the 
results of a decade of experience with this pro- 
cedure in an attempt to evaluate its role in aortic 
valve operations. 


Material and Methods 

Pulmonary autografts are usually considered 
only for patients who are less than 40 years old 
with isolated aortic valve disease. Only a single 
valve can be replaced with this method, and it 
is hoped that in patients with a life expectancy 
of another 30 to 40 years the autograft will last 
indefinitely. A further reason for the selection 
by age is the bypass time of up to two hours 
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thirty minutes, which younger patients have a 
greater ability to tolerate. 

Between April, 1967, and February, 1977, 188 
patients were operated on with this procedure 
by one of us (D. N. R.). There were 154 male 
and 34 female patients with an average age of 30 
years (range, 9 to 64 years). Isolated pulmonary 
autografts were performed on 156 patients 
while the other 32 underwent additional (non- 
valvular) surgical procedures. The right ven- 
tricular outflow tract was reconstructed in 15 
patients using fascia lata unstented valves, in 21 
using freeze-dried homografts, in 55 using fro- 
zen homografts, in 95 using fresh homografts, 
and recently in 2 patients using porcine xeno- 
grafts. 

In 1976, a modification of the original tech- 
nique was introduced. The patient’s own pul- 
monary valve was fixed in place in the aortic 
root as a complete cylinder. Running sutures of 
4-0 Mersilene were used along the lower margin 
and 3-0 Mersilene along the upper margin. The 
coronary orifices were attached side-to-side to 
holes made in the pulmonary artery wall using 
5-0 continuous Prolene. 

Actuarial analysis, including mortality in the 
first 30 postoperative days, was carried out ac- 
cording to the method of Anderson and co- 
workers [1]. The 24 patients lost to follow-up 
were considered to be lost during the first year 
because all were seen one to three months after 
operation before returning to their country of 
origin. In addition to the 10-year actuarial anal- 
ysis, information is also presented for the 17 
patients who received a pulmonary autograft 12 
years ago in 1967, as a true survival curve. 


Results 

Figure 1 shows the actuarial analysis of this 
group of patients. There was a hospital mor- 
tality of 16 patients (9%), and 73% of the pa- 
tients at risk have a probability of being alive 
after 10 years, 64% probably without change or 
repair to the pulmonary autograft in the aortic 
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Fig 1. Actuarial analysis over 10 years of 188 patients 
who received a pulmonary autograft. 
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Fig 2. True survival for 17 patients who received a pul- 
monary autograft in 1967. 


position. Late deaths account for 1896 of the 
patients at risk, and there was only an 8% 
probability of valve-related death. For these 188 
patients the operative risk was 996 and for the 
survivors, a further 896 risk of death from 
valve-related causes spread over a period of 10 
years. 

Figure 2 shows the true survival for the 17 
patients operated on in 1967. There were 4 early 
deaths (2396), an indication of the problems of a 
new technique, and 1 patient was lost to 
follow-up. To date, none of the remaining 12 
patients has died or needed further operation 
on the autograft, a true survival of 69%. 

The hospital mortality has been analyzed an- 
nually (Fig 3) and shows a decline from the 1967 


9% Valve Failure 


64% Valve Function 
Without Incident 


40 22 12 


4 Hospital 
Deaths (23%) 
l Lost to 
Follow Up 


Without 
Incident (69%) 


1975 1976 1977 


value of 2396 (see Fig 2) to 1696 in the second 
year and thereafter a progressive decrease. The 
early mortality in all the groups was 896. How- 
ever, there were no early deaths in 1972, 1974, 
1976, or 1977, indicative of an improvement in 
technique. 

The causes of the 16 early deaths include the 
following: arrhythmia, 3 patients; atrioven- 
tricular block, 3; infarct, 3; hemorrhage, 3; ce- 
rebral ischemia, 2; and technical problems, 2. 
The incidence of arrhythmias and atrioven- 
tricular block was related to the risk of septal 
ischemia associated with removal of the pul- 
monary valve, before the anatomical signif- 
icance of the septal arteries was described [3]. 

The 9 late deaths that were not valve related 
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Fig 3. Decline in hospital mortality among patients who 
received a pulmonary autograft. 
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Table 1. Causes of Failure in 155 Patients with Pulmonary Autografts 


L —— ——— — ———— — ————— 


Pulmonary RV Outflow 
Autograft Tract 
No. of No. Who No. of No. Who 
Cause Patients Died Patients Died 
ostii cR TERR RR Ana ie Ónieic RUP AMD see ae oo aca Ee 
Technical 8 1 0 0 
Infection 4 z 4 2 
Degeneration + 2 1 0 
Failed fascia lata 0 0 6 0 
Total 16 5 H 2 


LL —————— 


"One patient died during reoperation to replace the degenerating valve. One patient died a sudden death caused by 


pulmonary edema, and there was a hole in the left coronary cusp of the autograft. 


RV = right ventricular. 


were due to left ventricular failure (3 patients), 
sudden death (2), infective endocarditis on a 
fascia lata aortic valve (2), pulmonary embolism 
(1), and an allergic reaction to penicillin (1). In 
those patients for whom a postmortem report 
was available, the autograft was in good or rea- 
sonable condition and was excluded as a cause 
of death. One other patient died of failure of the 
right ventricular outflow reconstruction due to 
an infective endocarditis of that valve. How- 
ever, the infection caused failure of the auto- 
graft also and the death is included as an auto- 
graft failure. 

Sixteen autografts failed in that they required 
repair or replacement or were a cause of death, 
and 11 reconstructions of the right ventricular 
outflow tract failed as well (Table 1). The 8 tech- 
nical failures of the pulmonary autografts oc- 
curred in the first 3 years and resulted in 1 


death. Infective endocarditis was sporadic in 
occurrence and had a mortality of 5096 (2 out of 
4, involving both left and right ventricular out- 
flow valves). Only 4 autografts have shown any 
signs of degenerative change, after 4, 6, 8, and 9 
years. Apart from the failures from infective 
endocarditis, the only problem relating to right 
ventricular outflow reconstruction has been the 
failure of 6 of the 15 fascia lata valves. 

None of the 155 pulmonary autografts in the 
155 survivors has shown signs of calcification 
(Table 2). Ten homografts used for right ven- 
tricular outflow reconstructions have calcified. 
To date, the highest incidence of calcification is 
3396, in the freeze-dried homografts. After a 
mean postoperative interval of 6 years, the in- 
cidence of calcification in frozen homografts 
was 8%, and after a mean interval of 4 years, 
the incidence was 6% in fresh homografts. 
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Table 2. Incidence of Calcification 
ee a a UM 


Mean 
No. with Interval to 
Calci- Detection 
Procedure fication (yr) 
Pulmonary None NA 
autograft (113) 
RV outflow recon- 10 5 
construction (113) 
Freeze-dried 4 (33%) 5 
homografts (12) 
Frozen homografts (38) — 3 (8%) 6 


Fascia lata grafts (12) 0 0 
Fresh homografts (51) 3 (6%) 


om 


NA = not applicable; RV = right ventricular. 


Results of investigations of the right ven- 
tricular outflow reconstructions were confirmed 
by catheter studies in a group of 51 patients 
after a mean postoperative interval of 3 years. 
The mean right ventricular outflow gradient 
was 30 mm Hg at rest. Ten of the patients had a 
gradient in excess of 50 mm Hg, and 7 required 
reoperation. Nine other patients had gradients 
between 30 and 50 mm Hg, and 1 required 
reoperation. Seven of the eight reoperations 
were for replacement of failed fascia lata valves 
and the other, for a failed homograft valve. The 
remainder of the group (32 patients) had gra- 
dients below 30 mm Hg. One patient in this 
group died at reoperation. For all patients un- 
dergoing reoperation, a fresh homograft was 
used to reconstruct the right ventricular outflow 
tract. 


Comment 

The hospital mortality for autograft valve re- 
placement has declined from 1396 in the first 5 
years to 3.5% in the last 5 years, which is simi- 
lar to the 3.9% reported for isolated aortic valve 
replacement [5]. This so-called learning curve or 
improvement in technique has been further 
enhanced by the introduction in 1976 of the cyl- 
inder type of insertion, which has eliminated, 
to date, the technical failures of the autograft 
valves. Technical failures were responsible for 
50% of all the failed valves (8 out of 16) and 1 
late death. Probably some of the early deaths 
were also due to technical failure. Four cases of 





Fig 4. Histological section of a pulmonary autograft 
removed after 5 years. (H & E; original magnification 
x200.) 


infective endocarditis among the 155 survivors 
over 12 years were sporadic in occurrence and 
do not suggest any greater predisposition to 
infective endocarditis from this operation than 
from any other valve replacement [2, 5, 6]. 
Four autograft valves showed signs of degen- 
eration (2 late deaths, 2 reoperations). This de- 
generative process is much less apparent in 
autograft valve replacement (4 out of 155, 2.6% 
over 12 years) than in frozen or fresh homograft 
valve replacement (1296 over 8 years) [5]. The 
preservation of much of the normal architec- 
ture of these valves (Fig 4), together with the 
absence of any endothelial tissue, suggests 
strongly to us that these 4 degenerated valves 
were similar to homografts. The maintenance of 
the autograft tissue was probably disturbed for 
too long at the time of operation, and the valves 
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were unlikely to perform longer than homograft 
valves. In a sense, these degenerated valves can 
be regarded as late technical failures. The next 
10 years may substantiate this hypothesis, 
which is strengthened by the performance of 
the 17 patients operated on 12 years ago. Out of 
this group with 4 early deaths and 1 patient lost 
to follow-up there remain 12 patients who have 
had an incident-free 12 years. 

The problems associated with the right ven- 
tricular outflow tract have been a reflection of 
the problems seen in similar aortic valve re- 
placements. The fascia lata valves have had the 
worst record and the fresh homograft valves, 
the best. In fact, there have been no failures 
requiring reoperation among the 95 patients re- 
ceiving fresh homografts in the right ventricu- 
lar outflow tract since 1971. 

The main advantage of the autograft replace- 
ment of the aortic valve lies in the fact that late 
degenerative changes have virtually been 
eliminated. However, the autograft valves re- 
tain all the advantages of the unmounted ho- 
mograft valve. 

There is no doubt that the unstented pulmo- 
nary valve is able to sustain aortic pressures 
from the start and, because it is living tissue, 
adapts to its environment without difficulty. It 
is of interest that the only valve showing dis- 
ruption of a commissure was one that was 
mounted on a rigid frame because of distortion 
and infective aneurysm formation of the root. 
This argues strongly in favor of flexible stents 
or, preferably, free hand-sewn aortic biological 
valves. 

Criticisms of the technique are largely un- 
founded in that the operation is not complex 
and is now not particularly time-consuming 
(usually one hour for the aortic replacement and 
a further forty-five minutes for excision of the 
pulmonary valve and reconstruction of the right 
ventricular outflow). Recently, a Dacron con- 
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duit valve was used to avoid calcification and 
stenosis of the wall. 

Diastolic murmurs, indicative of some aortic 
regurgitation, were common (21% incidence), 
but, as with homografts, this problem has vir- 
tually been eliminated. The problems related to 
the right ventricular outflow were mainly a re- 
sult of using fascia lata for the valve and con- 
duit. This technique has not been used for the 
past 9 years. It is recognized that the recon- 
struction of the right ventricle should not repre- 
sent an additional hazard. Sufficient experience 
with this method, using valved conduits, is 
now available to indicate that competence can 
be achieved in this area. Also, the advantage of 
having a nondegenerating and presumably 
permanent replacement for the vulnerable left 
ventricular outflow valve more than compen- 
sates for this problem. 
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HOW TO DO IT 


Left Ventricular 


Decompression by Sump Drainage 
Edward R. Munnell, M.D., and R. Nathan Grantham, M.D. 


ABSTRACT  Decompression of the left ventricle 
during cardiopulmonary bypass is a useful adjunct 
to open-heart operation, primarily to preserve myo- 
cardial tissue and also to improve the exposure of the 
operative field. The addition of sump drainage to 
left ventricular decompression systems enhances the 
usefulness of this established technique. Technical 
aspects of this sump drainage are detailed. 


Miller and associates [6] have documented the 
popularity of venting the left ventricle during 
many cardiac operations. Venting helps pre- 
serve myocardial tissue and facilitates the oper- 
ative procedure [2]. Methods of venting have 
varied, and complications associated with dif- 
ferent methods have been identified (1, 3-5, 
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Ventricular sump drain. On the left are the commer- 
cially available mucus suction trap and the utility knife 
used to modify the trap. On the right is the trap with an 
opening cut in the top. The rubber tubing is discarded, 
and the plastic fitting is reversed to an inside position. 
This apparatus is clipped to a stainless steel tray, and 
6.4 mm Tygon tubing is attached. 


7-9). Sump drainage is suggested to achieve a 
more satisfactory decompression of the left 
ventricle with fewer hazards. 


Technique 

After the patient is placed on cardiopulmonary 
bypass, a Teflon felt pledgeted horizontal mat- 
tress suture is placed in the right superior 
pulmonary vein. A stab wound is made within 
the suture. The wound is opened slightly with 
a curved clamp, and an 18F Ferguson ventri- 
cular vent catheter* is inserted at the point of 
welling of blood from the pulmonary vein. The 
surgeon places his right hand behind the heart 
to direct the catheter through the mitral valve 
into the left ventricle [8]. The suture is snared 
down, and the catheter is attached to sump 
drainage. At the conclusion of the operative 
procedure, following decompression and resto- 
ration of cardiac contraction and while the 
anesthesiologist holds the patient’s lungs in- 
flated, the catheter is removed from the pulmo- 
nary vein in a covering pool of blood in the 
pericardial space as the suture is tied. Occa- 
sionally, an additional suture is needed for 
complete hemostasis. 


"Argyle-Sherwood Laboratories, St. Louis, MO. 
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The sump system consists of a commercially 
available mucus suction trap* which is mod- 
ified by the surgical nurse at the beginning of 
each operation (Figure). An opening is made in 
the top of the trap with a hardware knife to 
break the suction effect of the pump. This also 
allows for overflow of sudden surges of blood 
that occur during manipulation of the heart. 
The mucus suction trap is clipped in a stainless 
steel pan to collect overflow, which can be re- 
turned periodically to the pumping system with 
a cardiotomy sucker. Tygon tubing, 6.4 mm in 
diameter, connects the ventricular vent catheter 
to the sump trap inlet, and a similar tube at- 
tached to the outlet constantly empties the trap 
into the extracorporeal system. This system is 
used for aortocoronary saphenous vein bypass. 
With patients also undergoing valve replace- 
ment or ventricular aneurysmectomy, sump 
drainage is used for the initial aspect of the op- 
eration, direct suction when the valve and an- 
eurysm are immediately involved, and no 
suction on the vent catheter during final closure 
of the atriotomy, ventriculotomy, or aortotomy. 
After these chambers are closed, however, 
sump drainage is reinstituted until satisfactory 


“Specimen trap, Chesebrough-Pond's Inc., Greenwich, CT. 


cardiac function is restored before discontinu- 
ing bypass. 
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A Simple Technique 


for Tension-free Pericardial Closure 
Avraham D. Merav, M.D., Richard Brodman, M.D., Lari A. Attai, M.D., 


and George Robinson, M.D. 


ABSTRACT Closure of the pericardium after car- 
diac operations is desirable but is not always possi- 
ble to achieve. We describe here a simple tech- 
nique for tension-free, anterior closure of the 
pericardium. 


Closure of the pericardium after open-heart cp- 
eration decreases the risk of injury to the heart 
and great vessels, or to bypass grafts during 
reoperation. The closed pericardium acts as a 
barrier in instances of anterior mediastinal in- 
fection and reportedly decreases the incidence 
of both pericardial tamponade and postpericēr- 
diotomy syndrome [2]. Closure of the pericēr- 
dium does not alter the early patency of 
saphenous vein grafts [1]. 

Occasionally, primary pericardial closure is 
not possible because it results in cardiac con- 
striction or in compression of aorta—coronary 
artery bypass grafts. In such cases, we use a 
simple method for enlarging the pericardial sac 
to allow anterior closure without cardiac com- 
pression. The method obviates the use of 
pericardial substitutes [3]. 


Method 

Following median sternotomy, the pericardium 
is usually incised in the midline from its aortic 
reflection superiorly to its diaphragmatic re- 
flection inferiorly. The pericardial edges are 
then raised over the sternum and stitched to the 
soft tissues of the chest wall. On completion o£ 
the cardiac procedure, the pericardial edges are 
released from the chest wall and approximatec 
with interrupted sutures. 
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If compression of the heart or of bypass grafts 
Occurs, one or more relaxing incisions are made 
in the pericardium (Figure). Division of the 
fibrous pericardium is performed by carefully 
incising its inner surface with a scalpel, without 
entering the pleural space. The edges of the re- 
laxing incision separate by 1 to 2 cm, thereby 
permitting tension-free anterior approximation 
of the pericardium. 

The relaxing incision is begun anterior to the 
superior vena cava and is continued inferiorly, 
anterior to the pulmonary veins. Care is taken 
to avoid injury to the phrenic nerve. An inci- 
sion in this area can be made without dis- 
placement of the full beating heart and is usu- 
ally remote from vein grafts that could herniate 
through a pericardial defect. On one occasion 
we incised the pericardium overlying the left 
ventricle (while the patient was still on cardio- 
pulmonary bypass). However, we have not 
found it necessary to incise both pericardial 
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A pericardial relaxing incision has been performed on 
the right side; the lung can be seen through the intact 
mediastinal pleura. The dotted lines indicate additional 
or alternate sites for the incisions. 
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leaves in order to gain additional relaxation. 


Comment 

Three patients in whom a relaxing incision was 
required after vein bypass operations had early 
postoperative arteriography. All grafts were 
found to be patent. 

The technique described permits tension-free 
anterior closure of the pericardium. It allows 
the benefits of pericardial closure without the 
use of pericardial substitutes, such as fascia lata 
or pericardial xenografts. 
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Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery now 
requires that candidates pass both the written 
and oral portions of the certifying examination. 

In 1980 and thereafter, a written examination 
will be given prior to the oral examination. It 
will be necessary to pass the written examina- 
tion before the oral examination can be taken. 


The closing date for registration for 1981 is Au- 
gust 1, 1980. The exact times and places of these 
examinations will be announced later. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Road, Detroit, MI 48205. 


vr 


NOTE 


A New Clamp for Patch Graft 
Angioplasty of Coarctation of the Aorta 


Robert M. Sade, M.D. 


ABSTRACT A new clamp controls the great vessels 
in the region of aortic coarctation, allowing unham- 
pered access to the aortotomy in patch graft angio- 
plasty. 


The advantages of patch graft angioplasty in the 
treatment of coarctation of the aorta in small 
children have been described [1, 2]. At the 
Medical University of South Carolina, we have 
found this method to be useful also in older 
children and adults. The usual operative tech- 
nique requires the use of two or three vascular 
clamps: one on the distal aorta, and either one 
for control of the proximal aorta or two for the 
aortic arch and left subclavian artery. The 
handles of these instruments protrude from the 
chest incision vertically, making visualization 
and access to the operative field awkward. 


From the Section of Pediatric Cardiac Surgery, Medical 
University of South Carolina, Charleston, SC. 


Accepted for publication Feb 21, 1979. 


Address reprint requests to Dr. Sade, 171 Ashley Ave, 
Charleston, SC 29403. 


Fig 1. The infant-sized clamp, demonstrating the three 
sites of angulation of the jaws. 


I have designed a clamp* that occludes all three 
vessels and improves operative conditions. 


Description of Clamp 

and Operative Technique 

The clamp is available in infant, child, and 
adult sizes. The jaws are angled at three sites: 
near the tip, 45 degrees in the plane of the oc- 
clusive surfaces; several centimeters proximal 
to the tip, 90 degrees in the same plane; and 2.5 
centimeters proximal to the right angle, 60 de- 
grees in a plane perpendicular to the plane of 
the occlusive surfaces (Fig 1). 

After dissection of the distal aortic arch, left 
subclavian artery, and descending aorta, con- 
trolling tapes are placed around these three ves- 
sels and elevated while the clamp is applied. No 
intercostal arteries are divided. A long aor- 
totomy is made from the left subclavian artery 
through the coarctation to the descending aorta. 
The coarctation membrane is excised. A large 
patch is fashioned from a tubular graft the same 
length as the aortotomy, and the patch is sewn 
into the aortotomy with a continuous suture. 
The technique is described in detail in this 
issue of The Annals (p 346). During the proce- 
dure, the clamp handle protrudes from the an- 


"Manufactured by Pilling Company, Fort Washington, PA. 
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Fig 2. The operative field, viewed from the assistant's 
(right) side of the operating table. The clamp handle 
projects toward the assistant, leaving unobstructed the 
surgeon's access to the aorta. (LSCA = left subclavian 
artery; LA = ligamentum arteriosum.) 


terior angle of the thoracotomy, rests upon the 
retracted lung or wound edge, and requires no 
handling (Fig 2). 


Comment 
The major advantage of this instrument is that 
the vascular clamp required to do the operation 


is conveniently disposed, thereby allowing un- 
hampered access to the repair site. This permits 
easier, more rapid suturing. 

Its disadvantage is that the complex geometry 
of the clamp can result in malocclusion of the 
jaws in a few patients who have markedly dis- 
proportionate wall thickness of the vessels in- 
cluded in the clamp. This problem can be cor- 
rected by using the clamp that is the next size 
larger, placing a bulldog clamp on the subcla- 
vian artery, or using the older multiple-clamp 
method of vascular occlusion. In our experi- 
ence, malocclusion has prevented use of the 
clamp in only 1 patient with coarctation of the 
aorta. In all others, application of the clamp was 
simple and secure, and permitted unhampered 
and convenient completion of the patch an- 


gioplasty. 
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A Practical 
Approach to 
Angiography 


by Irwin S. Johnsrude, M.D., Clinical Professor of Radiology, East 
Carolina University School of Medicine, Greenville, North Carolina; 
formerly Professor of Radiology and Co-Director of Cardiovascular 
Radiology, Duke University Medical Center, Durham, North Carolina, 
and Donald C. Jackson, M.D., ER.C.P.(C.), ER.C.R., Associate Professor 
of Radiology and Director of Cardiovascular Radiology, Duke University 
Medical Center, Durham, North Carolina 


This book is a working reference derived from the authors’ vears of experience 
in angiographic studies and in training residents in angiography. In addition to 
all familiarizing the angiographer with available equipment and the most recent 
techniques, the authors discuss indications and contraindications, warn of pos- 
sible complications, and offer advice on how to overcome common problems. 
that Johnsrude and Jackson put the daily essentials of angiography in their text—so 
that you can easily locate the specific information vou need for an optimal angio- 
e e graphic study. A PRACTICAL APPROACH TO ANGIOGRAPHY is as concise as 
LİS title a technical manual . . . but it has much more to offer. Its 22 chapters progress 
from fundamental information to specialized techniques requiring various de- 
grees of expertise, and its 15 appendixes form a self-contained reference unit. 
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related techniques used for therapeutic purposes 
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section. For quick reference to procedural details, 31 tables are included. 


A PRACTICAL APPROACH TO ANGIOGRAPHY is reliable, current, and—above all— 
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“I encourage each doctor to call me any time a quick 
delivery or consultation is needed. The pager means I 
can be reached even when I’m not near a phone -like 
last Saturday during that game.” 


LOOK WHO’S TALKING: A CPI SALES REPRESENTA- 
TIVE. He’s expressing part of CPI’s total service com- 
mitment to you — 24 hour availability of your local rep- 
resentative, backed by a 24 hour consultation capabil- 
ity at CPI international headquarters. 


They aren’t doctors, and they don't pretend to be, but 
CPI representatives train to be part of your team — 
complementing your efforts and providing assistance 
when it’s needed. To do the job, they must become 
product specialists with expertise in pacemaker 


"CPI's intensive training allowed me to specialize in 
pacing systems and product applications. Then | 
worked with a field sales manager and other profes- 
sionally trained pacemaker consultants, learning what 
to expect as a sales representative. | gained the experi- 
ence to apply my knowledge in day-to-day problem 
solving with the physician and the patient care team. 
When | put this pager on and acknowledged my role as 
a pacemaker consultant for my customers, | was ready. 
CPI saw to that.” 


A new CPI sales representative offered that descrip- 
tion of the training he received. Of course, most of our 
representatives have served the pacing industry for 
several years. In addition to their years of experience 
| ning. many of them haua MOLLE ith nhysici 
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in a Clinical setting or as representatives in the medi- 
cal products industry. What this means to the physi- 
cian is that CPI provides sales representatives with 
proven dedication to the health care industry. 


The capabilities and training of each CPI representa- 
tive are amplified by in-house technical specialists 
who function as advisors when special questions 
arise, and by medical experts who serve on a consul- 
tant basis. 


Your representative links you to a wealth of services — 
like emergency product deliveries and inventory as- 
sistance. Quick delivery of product is facilitated by 
CPI’s regional distribution centers. In special cases 
our sales representatives have used planes, ambu- 
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service you need — when you need it. 


“I said to the doctor, ‘Try me: call me sometime at night 
or on a weekend when you have a special need. See if 
this pager is for real.’ After I had proved m y willingness 
to assist at any time, | was asked to help inventory pac- 
ing supplies in the OR and help establish the follow-up 
Clinic.” 

THAT’S A CPI SALES REPRESENTATIVE TALKING. 


YOU CAN TELL HE’S FROM CPI — HE’S THERE TO 
SERVE YOU BETTER. 


CPL 


Cardiac Pacemakers. Inc 
4100 North Hamline Avenue 
P O. Box 43079 

St. Paul. Minnesota 55164. U.S.A 





Preparation of Manuscript 


Illustrations 


Nomenclature and Statistics 


Credits and Permissions 


Reprints 
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Original manuscripts on thoracic, cardiac, and peripheral vascular surgery will be considered for 
publication in The Annals of Thoracic Surgery with the understanding that they be submitted only to 
this journal. Send manuscripts preferably by certified or registered mail to Herbert Sloan, M.D., 


Editor, The Annals of Thoracic Surgery, C-7079 University Hospital, Ann Arbor, MI 48104. 


The Annals welcomes correspondence. Letters are reviewed according to the same standards as other 
contributions. Unsigned letters cannot be published. 


Type entire manuscript double-spaced on standard-sized paper, using standard margins. Number 
pages consecutively in this order: title page, abstract, text, references, tables, legends. Place au- 
thor’s name and page number in the upper right corner of each page. Submit original typescript and 
duplicate with duplicate illustrations; retain a copy of the typescript. Provide an abstract of approxi- 
mately 150 words for an original article or collective review. Abstracts for case reports, notes, and 
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Page Charges. Original articles exceeding a maximum of 9 printed pages are subject to an overage 
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250 words. Therefore, to stay within the maximum limit, manuscripts should contain no more than 
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highest degree, institutional affiliations (limit to two), and location. If the paper has been presented 
at a scientific meeting, provide a footnote giving name of meeting, date, and location. Provide 
address for mailing proofs and indicate to whom reprint requests should be sent. 


Text. Provide succinct internal headings te clarify the paper’s organization. Type footnotes on the 
manuscript page where cited. Cite tables and illustrations by number in the text. Give all weights 
and measures in metric units. 
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Book: Baum G: Textbook of Pulmonary Diseases. Second edition. Boston, Little, 
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Chapter in book: Grillo HC: The thorax, in Surgery. Third edition. Edited by GL Nardi, 
GD Zuidema. Boston, Little, Brown, 1972, p 243 
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length to one manuscript page if possible. Type double-spaced on pages separate from the text. 
Provide a brief title for each table. 


Illustration Legends. Type double-spaced on pages separate from the text. Do not paste or fasten to 
the illustrations. Provide one legend for each illustration or grouped illustrations and number in 
sequence. 


The Annals can consider only a limited number of illustrations per paper without special arrange- 
ment. Submit original artwork or unmounted original glossy prints (individual parts separate) in 
black and white. (Color may be used only by special arrangement and is subject to extra charges.) A 
line drawing that contains no shading cr wash can be reproduced well from a glossy photograph. A 
line drawing with shading, however, can be best reproduced from the original drawing. Illustrative 
material must be of good quality, suitable for reproduction and for reduction as necessary to page 
size. Chest roentgenograms should be no smaller than 13 X 18 cm. Identify by number in sequence 
and by author's last name by writing lightly with soft pencil on the back. Indicate top of illustration. 
Accompany photographs of recognizable persons by a signed release from the subject. All illus- 
trations should be submitted in duplicate. Do not use paper clips to attach illustrations. 


Color Illustrations. Color figures of real value to an article will be considered for publication. Part of 
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$350 for up to six finished illustrations that will fit on one side of a single page, and for any 
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a new, enlarged, and completely up-to-date edition of 


_ Interpretation 
of Diagnostic Tests 


A HANDBOOK SYNOPSIS OF LABORATORY MEDICINE 


Third Edition Now Ready! These Comments 
By Jacques Wallach, M.D., Rutgers Medical School, 








New Brunswick, New Jersey and Albert Einstein College Say It All : 
of Medicine, New York “I find it so useful that | have two, one 
on my desk in the hospital and one on 
Here is a book that needs no introduction. Suffice it to say, a new edition my telephone desk at home.’—Hugh F. 
of medicines most popular field manual for choosing laboratory tests Luddecke, M.D., in The Journal of the 
and interpreting abnormal results has just been published. Experience Medical Society of New Jersey 
shows that most physicians will purchase a copy! ...avery useful tool for all who 
j l E use the laboratory in their medical 
Small and compact for easy reference, its most outstanding feature is its 


practice. —Annals of Internal Medicine 


ingenious organization—a combination of tabular style and exhaustive " . . Will help the clinician to use the 


indexing. Up-to-date, accurate test data for making an early diagnosis, 


ie hie ti we: laboratory effectively and economically 
. determining the stage and activity of a disease, detecting its recurrence, and will make it easier for the clinical 
and measuring the effects of therapy become instantly accessible. pathologist to interpret the results of his 
Completely revised for this new edition, all information has been labors to the physician.’—Israel 
thoroughly updated, and many recently developed tests are introduced. ee ie na ia oenterology 
For the first time, extensive pediatric material is included. You will not PROPERE ATES aie 


want to be without a copy of this truly unique and useful reference. 
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The vital link 
between patient and pump. 


Trust isn’t earned overnight. It takes 
hundreds of thousands of procedures, 
and decades of superior service. We're 
proud to say that crystal-clear Tygon 
S-50-HL tubing is by far the most wide- 
ly chosen tubing for cardiopulmonary 
bypass procedures. Through its heri- 
tage of quality, consistency and depen- 
dability, Tygon tubing has indeed 
become the vital link between patient 
and pump. 











Consistency is our hallmark. 

The time to discover off-grade tubing is at 
our facilities, not yours. That’s why the scrupu- 
lous care with which we manufacture Tygon 
tubing extends throughout our rigid quality 
control process. 

Norton employs dozens of intense quality 
control checkpoints, each documented to pro- 
vide complete traceability. Sophisticated in- 
strumentation assures total uniformity of physi- 
cal quality. Which means you can depend on 
Tygon tubing to provide consistently excellent 
service. 


Supple yet strong 
— the perfect blend. 

Tygon S-50-HL tub- 
ing is specifically formu- 
lated for the rigors of & B 
extra-corporeal pump- WS 
ing. Each ingredient has a 
been carefully selected ë 
to provide superior 
characteristics, such as 
good memory and re- 
sistance to spallation and rupture. 

The result is a tubing that combines the 
strength and durability required to withstand 
hours of pump abuse, with the flexibility 
needed for superior pumping performance . . . 
the best of both worlds. 





Laser-extruded 


for precision tolerances. 

To assure uniform ae 
inner and outer diam- 
eters, Norton employs 
sophisticated laser mi- 
crometers, which con- 
tinually monitor the 
tubing as it is extruded, 
and can sense dimen- 
sional variances up to 


+ .0004". 





More importantly, these closed-loop feed- 
back laser systems actually control the extru- 
sion process for total uniformity. This helps 
prevent weak spots in the tubing wall, prime 
candidates for rupture. Plus, uniform tubing 
dimensions mean that flow rates can be more 
precise. 


Tested for biocompatibility to 


Class VI standards. ..and beyond. 

Tygon S-50-HL tubing has been extensively 
tested and documented for biocompatibility 
ever since its inception. Every batch of raw 
material is quarantined and rigorously tested 
by an independent laboratory before produc- 
tion can begin. 

Tests include those for acute toxicity, acute 
intracutaneous reactivity, intramuscular reac- 
tivity, pyrogenicity and neurological reaction. 
Any evidence of any trouble from any test and 
the entire batch of raw material is rejected. 

For your further assurance, we test Tygon 
tubing beyond what is required. We also test it 
for ethylene oxide residue, for hemolysis, for 
in-vitro coronary perfusion DOREM U CR 
— including coronary flow — 7) zo. 
rate, and myocardial con- 
tractibility, and in-vivo 
blood pressure determina- — 
tion. Again, if one ounce of | 
trouble appears, all material |" a 
is rejected. Ja am. C cai 
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The assurance of Tygon tubing. 


Demand it. 

Don't be misled by claims of parity. There 
is only one tubing with more than 25 years of 
consistently excellent service backed up by a 
billion-dollar company . . . Tygon tubing. 

So you can be sure that you're using Tygon 
S-50-HL tubing, we brand every foot with 
formulation and size. If the tubing you use 
doesn't have these distinctive markings along 
its side, it's not genuine Tygon tubing. 

There’s no need to sacrifice the assurance 
and dependability that Tygon tubing brings to 
enjoy the convenience of pre-made heart- 
lung packs. All you need to do is specify it — 
by name. 





Tygon tubing... 
the vital link between patient and pump. 


Call toll-free 1-800-321-9634 


KT nasus amo smmemes DIVISION 


PO. BOX 350 AKRON. OHIO 44309 TEL: (216) 630-9230 


Cook County Graduate School of Medicine 
announces 


A Five Day, 40 Hour 
Specialty Review Course in 
THORACIC SURGERY 


December 10-14, 1979 
A.M.A. Category | Credit: 40 Hours 


Write or call for information and registration. 


Registrar 
707 South Wooc St 
Chicago, IL 60612 
(312) 733-2800 


How CPR training 
helps business. 


CPR —cardiopulmonary 
resuscitation training is one 
of the valuable assets an 
employee can have. 

If even one employee has 
this training, (which is avail- 
able from Red Cross), every 
other co-worker benefits. 
Everybody can breathe easier 
knowing that in the event of 
The Marshfield Clinic is seeking a cardiovas- a cardiac arrest, help is 


cular surgeon to join a team of three sur- immediately available. 


geons and seven cardiologists (six adult and 
one pediatric) with well-established, growing 
practice. Experience in pediatric and adult 


heart surgery required. 

Please send curriculum vitae to Dr. Sidney E. 
Johnson, Medical Director, Marshfield Clinic, 
Marshfield, WI 54449, or call collect (715) 
387-5253. 





Why not set up a goal 
for your company... so many 
employees with CPR training 
per floor—or area? 

Its easy to do. Call your 
Red Cross Chapter. . . they'll 
be glad to help you do it. 

CPR training from 
Red Cross is one way you can 
help your company be ready. 
And a way you can help keep 
Red Cross ready, too. 





Keep Red Cross ready. 
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Classified ads for meeting announcements, postgraduate 
courses, and positions wanted or available must relate only 
to the thoracic and cardiovascular surgical specialities. All 
ads are subject to the approval of the Editor, and material 
deemed inappropriate for publication in The Annals will be 
rejected. The charge for all classified advertising is $25.00 
per 50 words per issue. Prepayment is required. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired when advertising a position wanted 
or available, please indicate this at the time of submission 
and a code number will be assigned. All responses received 
will remain confidential in The Annals Editorial Office and 
will be conveyed to the advertiser shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the desired issue. Send ad and 
nonrefundable check (in the amount of $25 for every 50 
words times number of issues the ad is to run), payable to 
The Annals of Thoracic Surgery, to: Herbert Sloan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7079 University 
Hospital, Ann Arbor, MI 48109. 


SITUATIONS WANTED 

i pc T—P——E T 
Cardiovascular and thoracic surgeon, 36, seeking to relo- 
cate. University trained, ABS, ABTS certified, two years' 
experience in active private cardiac practice. Prefers West 
Coast, but will consider other areas. Available immediately. 


Please respond to W-181, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
——ÁÁ—————— ee eee Mc 
Cardiovascular and thoracic surgeon, 34, university 
trained, ABS, ABTS certified, completing Berry Plan, June, 
1980, seeks position with group or partnership. No geo- 
graphic preference. 


Please respond to W-200, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





SITUATIONS AVAILABLE 
— ——Ó—————— — SA T 
Thoracic and vascular surgeon wanted as associate in East 
Coast practice limited to thoracic and vascular surgery. 
Must be ABTS eligible or certified. 


Please respond to A-127, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 

c mm no CHURCH AME. ME: 
Special fellowship in cardiac surgery available January 1, 
1980. 


Please respond to Floyd D. Loop, M.D., Department of 
Thoracic and Cardiovascular Surgery, Cleveland Clinic 
Foundation, 9500 Euclid Ave, Cleveland, OH 44106. 
a ne RENE 
Cardiovascular and thoracic surgical group in mid-Atlantic 
city seeks associate in growing practice. Board eligibility 
required. Main time devoted to adult and pediatric cardiac 
surgery. 

Please respond to A-134, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 

— CBAR E 
Cardiac surgeon needed for group performing 300 to 400 
cardiac surgical cases per year. Volume expected to in- 
crease. 


Please respond to A-136, The Annals of Thoracic Surgerv, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
— a —  À 


——————————— eL» 
Busy cardiovascular and thoracic surgeon in southern 
California needs associate. Prefers recent graduate from 
residency. Board eligibility in thoracic surgery required. 


Please respond to A-138, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
—— ———— THAN ERN 3 e 
General surgery or cardiothoracic resident for research po- 
sition in academic institution, Manhattan. One to two years 
per rotation. 


Please respond to A-139, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
— — ——— DOM 
Established noncardiac thoracic peripheral vascular sur- 
geon seeking associate. Located in central Connecticut. 
Corporate benefits and excellent future. 


Please respond to A-140, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
— — D RP PR TEE 
Fellowship in Thoracic Surgery available January 1, 1980. 
Seeking individual eligible for examination or certified by 
American Board of Thoracic Surgery. Experience with 
pulmonary-esophageal-mediastinal work offered. Research 
opportunities and academic training available for those in- 
terested. 


Please respond to John R. Benfield, M.D., Chairman of the 
Division of Surgery, City of Hope Medical Center, Duarte, 
CA 91010. 
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Specialty Review Course in Thoracic Surgery, Dec 10-14, 
1979. Sidney Levitsky, M.D., Coordinator. A.M.A. Category 
I Credit: 40 hr. 


For further information and registration write to: Cook 
County Graduate School of Medicine, 707 South Wood St, 
Chicago, IL 60612 or call (312) 733-2800. 
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PERFUSIONIST 


The Christ Hospital with an expanding cardiac 
surgical program (currently 650 cases per year) 
seeks a Clinical Perfusionist (CCP or Board 


Eligible). Competitive salary and benefit package. 


Send resume or call: 


William P. Hancock 
Department of Human Resources 


THE CHRIST HOSPITAL 
Cincinnati, OH 45219 
513-369-2548 


An Equal Opportunity Employer 
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In a progressive specialty like yours, 
point of view is important 


Transverse Anatomy of the 
Human Thorax, Abdomen, 


and Pelvis: 

An Atlas of Anatomic, Radiologic, 
Computed Tomographic, and 
Ultrasonic Correlation 


By Alvin C. Wyman, M.D., Clinical Professor of 
Radiology and Chiet, Division of Diagnosis, The George 
Washington University School of Medicine and Health Sciences, 
Washington, D.C. 


Thomas L. Lawson, M.D., Associate Professor of 
Radiology and Chief, Section of Ultrasonography and Computed 
Tomography, Medical College of Wisconsin, Milwaukee, 
Wisconsin, and 


Lawrence R. Goodman, M.D., Associate Professor 
of Diagnostic Radiology, The Hahnemann Medical College 
and Hospital of Philadelphia 


This spectacular new atlas is an authoritative refer- 
ence on normal anatomic relationships from the tho- 
racic inlet to the pelvic outlet. The 142 illustrations 
are organized by subsection of the anatomic region 
and oriented clinically to avoid the need for interpre- 
tation of mirror images. A photographic reproduction 
is paired with a radiographic reproduction of each 
view to display different features of the same speci- 
men. Photographic magnifications of tissue sections 
and corresponding ultrasonograms and computed 
tomograms are presented for comparison when 
appropriate. Important anatomic structures are 
clearly identified and precisely labeled. Explanatory 
text material on clinically relevant anatomic features 
supplements the fine illustrations in this superb 
volume. 

144 pages, with 142 illustrations, some in full color. 
#962403, $39.95 


Order from 


Little, Brown and Company 
MEDICAL DIVISION 


34 Beacon Street e Boston, Massachusetts 02106 
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"NOMENCLATURE AND CRITERIA FOR DIAG- 
NOSIS OF DISEASES OF THE HEART AND GREAT 
VESSELS has been one of the most useful pub- 
lications in cardiology for many years. Its 
greatest virtue has been the practical bed- 
side clinical orientation of the presentations. It 
has emphasized clinical logic. Undergradu- 
ate medical students, interns, residents, fel- 
lows, and all doctors have learned a great 
deal of cardiology from previous editions of 
this publication: 
















from a review of the 
7th edition in the 
American Heart Journal 


by The Criteria Committee of 
the New York Heart Association 


M. Irené Ferrer, M.D, Chairman 
stanley E. Bradley, M.D. 
Marcia B. Bull, M.D. 

Martin Dolgin, M.D. 

Kent Ellis, M.D. 

Yale Enson, M.D. 

Doris J.W. Escher, M.D. 
Edward E. Fischel, M.D. 
Arthur C. Fox, M.D. 

Edward C. Franklin, M.D. 
Sylvia P Griffiths, M.D. 
Réjane M. Harvey, M.D. 
Arnold M. Katz, M.D. 
Margaret M. Kilcoyne, M.D. 
Marianne J. Legato, M.D. 
James R. Malm, M.D. 


- 


seer lower E apt mp mma mt mp rp PP " 


- 


i 
1 








K 


in this totally current edition . 


Revised in light of the newest knowledge on cardiol- 
ogy for its eighth edition, this definitive reference 
contains information of inestimable value in under- 
standing heart disease. The patient's overall cardiac 
status and prognosis is described in terms of the 
most current diagnostic techniques. NOMENCLA- 
TURE AND CRITERIA helps you to assess accurately 
each individual patient based on etiologic, ana- 
tomic, and physiologic diagnosis. A comprehensive 
appendix includes an analysis of plain chest roent- 
genograms as used in heart disease diagnosis and 
extensive electrocardiographic tables. Well illus- 
trated with excellent electrocardiographs and fully 
indexed, this eighth edition maintains the high stan- 
dards of quality set by its predecessors. 


349 pages illustrated. 
Cloth, #605360, $13.95 
Paper, #605379, $9.95 


order today from 


Little, Blown and Company 
Medical Division 
34 Beacon St., Boston, MA 02106 


Little, Blown and Company 
Medical Division 
200 West St. 
Waltham, MA 02154 
Please send me the book(s) indicated below, 
on 30-day approval. 
NOMENCLATURE AND CRITERIA FOR DIAGNOSIS OF 
DISEASES OF THE HEART AND GREAT VESSELS, 8th Ed. by the 
Criteria Committee of the New York Heart Association 
Paper, #605379, @ $9.95 
Cloth, #605360, @ $13.95 
Please bill me. 
—.]Mycheckfor$. |. | .  isenclosed with 
the understanding that, if | am not entirely satisfied, 
| may return the book(s) within 30 days of receipt for 
a full refund. 
Publisher pays postage and handling if payment 
accompanies order. Please add sales tax if applicable. 
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In Canada, order directly from J.B. Lippincott of Canada, 
Ltd., 75 Horner Avenue, Toronto, Ontario M8Z 4X7 Canada) 
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for practical 
advice on 
common surgical 
problems in 

the newborn 


Perfectly suited to the needs of surgeons and pedia- 
tricians, SURGERY OF THE NEONATE takes a new 
approach to neonatal surgery by emphasizing the 
details of operative techniques and by providing a text 
directly keyed to accurate and descriptive illustrations. 
This atlas-text provides front-line advice on the man- 
agement of surgical problems in infants in the first 
three months of life. 


In words and in pictures, the authors detail the actual 
methods that have proved successful in their practices. 
They carefully review the diagnosis, the preoperative 
preparation, the minute details of the operative proce- 
dure, and the postoperative care of common anomalies 
such as: 


cystic hygroma « esophageal atresia » pulmonary 
anomalies e pyloric stenosis e duodenal obstruc- 
tion « imperforate anus « inguinal hernia e biliary 
atresia abdominal masses « diaphragmatic 
hernia « aortic arch anomalies « tracheostomy 
Because it focuses on operative procedures in an 
at as-text format, SURGERY OF THE NEONATE is a 
unique reference that will serve as an invaluable source 
of information for all health professionals concerned 
with pediatric surgery. 


272 pages, illustrated. #156353, clothbound, $35.00 


Use this coupon to order your copy of SURGERY OF 
THE NEONATE on 30-day approval. 


TO 


Little, Brown and Company 
Medical Division 

200 West Street 

Waitham, Massachusetts 02154 


Please send me copies of SURGERY OF THE NEONATE by 
Coran, Behrendt, Weintraub, and Lee (#156353, $35.00) on 30-day 
approval. Publisher pays postage and handling if check accom- 
penies orders. Please add sales tax if applicable. 
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The CyberLith. 


A remarkable new multi-programmat 


pacing system. 





When Thomas Edison wed his incandescent lamp to 
a practical electrical distribution network, he 
created a lighting system that was to revolutionize 
the way man lived. 

Intermedics took its cue from the 
scientific genius of men like Edison and 
became the first pacemaker manufacturer 
to offer an unprecedented range of pro- 
grammable pacemaker functions in a total, 
fail-safe, heart pacing system. 

The multi-programmable CyberLith system. 







Always maintaining a close relationship with its cus- 
tomers, Intermedics was quick to realize that physiciar 
were demanding greater control in their use of multi- 
programmable pacemakers. Control that would enabl 
them to respond precisely to their patients’ problems. 
Now, the CyberLith System puts that control in yo 
hands. Our CyberLith (Model 253-05) gives you: 


* Versatility, with 15 pacing rates ranging from 20 to 120 
=~ e Flexibility, with 15 pulse widths varying from 0.15 to 2.29 
cen e Responsiveness, with 7 sensitivity levels. 
E = e Adaptability, with three operating modes—R-wave inh 
ot. SES (demand), asynchronous (fixed rate), or R-wave synchi 
Wem (demand). 


This unparalleled range of programmable features is 
made possible by custom CMOS (complementary me 
oxide-semiconductor) integrated circuitry, recognized 
its high reliability and low power consumption. 

CyberLith functions may be programmed individu: 
or in combination, using a battery-powered portable : 
grammer. Reprogramming is automatically confirmed 
and an advanced fail-safe feature guards against accid 
tal reprogramming. 








Intermedics Pulse Generators 





Ihe CyberLith. A system that Thomas 
Edison would admire. 


Zontact your Intermedics Representative for additiona. 
nformation on the many other advantages of our multi- 
xogrammable CyberLith Pacing System. 

At Intermedics, we are producing tomorrow's 


echnology today, because OUR BUSINESS IS LIFE. 
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Free limited edition print offer 
from Intermedics, Inc. 


“he Thomas Edison original water color is the third n a 
eries by artist Ron Adair, commissioned by Intermedics. 
\ limited-edition print, numbered and signed by the 
rtist, is available to physicians only from Intermedics. 

© obtain your print, please write to Marketing Admin- 
stration, Intermedics, Inc., P.O. Box 617, Freeport, 

exas 77541. 


OTE: The CyberLith is currently undergoing clinical evaluation and is not routinel* 
'ailable on a commercial basis. 


Intermedics, Inc., June 1979. 
yberLith ™ is a trademark of Intermedics, Inc. 


INDICATIONS FOR USE Implantable cardiac pulse generators 
may be indicated for long-term treatment of impulse formation or 
conduction disorders resulting in symptomatic bradyarrhythmias, 
tachyarrhythmias, and heart block unresponsive to drug therapy. 


PRECAUTIONS Implanted pacemakers have a finite and 

variable service life as a result of factors such as the initial capacity 

of the battery and the shelf storage time of the manufactured pace- 
maker; variations in electrode system resistances, stimulation rate, and 
the percentage of time the implanted pacemaker is inhibited; and ran- 
dom electronic component failures. 

Pacemaker operation can be influenced by electric, magnetic, or elec- 
tromagnetic energy mimicking normal cardiac activity. In addition, cer- 
tain environmental sources can couple sufficient energy into a pace- 
maker system to damage the pulse generator. Specifically, diathermy 
should not be used on pacemaker patients because of possible total inhi- 
bition of the pulse generator; electrocautery can inhibit and/or damage 
the pacemaker as well as cause burns or possible ventricular fibrillation; 
defibrillation can damage the pacemaker, and the presence of the pace- 
maker may cause increased cardiac muscle damage from defibrillation. 
Microwave ovens that do not exceed federal guidelines for leakage (0.5 
W/cm? at 2.5 cm from the appliance) will not affect the pacemaker, but 
leakage in excess of that amount may cause interference. Certain elec- 
trical and gasoline-powered appliances can cause inhibition of an 
implanted cardiac pacemaker system. 

For complete precautions, see the Physician's Manual for the 
Intermedics cardiac pulse generator to be used. 


CONTRAINDICATIONS AND SIDE EFFECTS There are no 
known contraindications to the use of pacemakers as a medical method 
for control of heart rate. Body rejection phenomena, local tissue reac- 
tion or skin necrosis, muscle and nerve stimulation, embolism, and car- 
diac tamponade have been reported. 


$$ Intermedics lnc. 


P.O. Box 617 Freeport, Texas 77541 
Tel: (713) 233-8611 
Toll free: 1-800-231-2330 
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Pathogens don't com romise. 
Why s ould you? r 








Just one pathogen species missed by ar 
antiseptic can cause serious problems. That is 
why scrubbing and prepping leave no room for 
compromise with the quality of an antiseptic. 
A en difference in cost is not worth the risk. 


“BETADINE Microbickies ties A kill E di 
edd positive and gram-negative bacteria, Uncompromising ~ ' 
ungi, viruses, protozoa and yeasts. antisepsis for scrubbing 
BETADINE Microbicides have been and re i n 
documented specifically by name—and in the p pp 9 
same formulations you employ in practice— 
in over 650 published reports encompassing | 
thousands of clinical procedures. 


BETADINE Microbicides were also chosen 
by NASA for disinfection procedures in Apollo 
splashdowns and in the Skylab mission. ® 


“In the rare instances of local irritation or sensitivity, 
— . — BETADINE Surgical Scrub*—for surgical ^ discontinue use by the individual. 


scrubbing and patient degerming. 
— — — BETADINE Solution or BETADINE 


Aerosol Spray—for patient prepping and Purdue Frederick 
postoperative antisepsis on incisions. ©Copyright 1979, The Purdue Frederick Company/Norwalk, CT 06856 
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You know there is continual development in 
cardiovascular surgery...some changes 
undreamed of just a few years ago. You're 
part of it. And we're part of it, bringing to you 
better instruments for today's (and 
tomorrow's) surgical techniques. 


Many of the more recently developed 
instruments have been gathered together 
in Volume One of V. Mueller’s Armarium 
for Cardiovascular Surgery. 


Call our toll-free number today: 800/ 323-4382 
for your free copy. (In Illinois, call collect: 
312/774-6800.) Helping you toward 

tomorrow —today. 


v mueller 


Division of American Hospital Supply Corporation 
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| ™ together and ready. 


terial surgery are: 
The Codman: Let us send you. 
family of five extra-delicate coronary a detailed description of this instrumenta- - 


scissors, including the circumflex; the gen- tion and a 16-page monograph showing its. 

tlest of bulldogs i in two lengths, and these usein coronary artery bypass surgery. | 

other key instruments — Garrett dilators, Codman, Randolph, 

heparin-tip needles, a delicate gemini clamp, Mass. 02368. 

and DeBakey -Diethrich forceps. Call toll free: 
And vui re athome in an autoclavable 800-225-0462. 
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device that can reduce peice: time py )rovic 

cosmetic results. This instrument is designed S of 

comfortable, easy use. Smooth trigger action with g forc 

and flexible work angle provide excellent control a nd r ani acy. 

Minimal trauma, staples removed easily = | 

The PROXIMATE stapler forms virtually inert rectangular-s Euro ek ics 
stainless steel staples. Wound edges are held otoroy he FTN E OE Ryo 
staple's legs. Tissue reaction and trauma are minimal. Wider — — | 
crowns keep the staples upright, minimizing rotation, easing 

removal. 

Staple counts and sizes for all closing needs 

PROXIMATE products are available with regular and wide staples | 

in counts of 15, 35, and 55 to meet closing needs for short, 

medium, and long incisions. 


Touch skin lightly using center 

indicator to ensure equidistant s 

placement across the incision. 

Fire, release completely, and 

draw instrument with backwa 
# Trademark OETHICON, INC. 1979 motion. 





Innovators in wound closure 


PROXIMATE staplers have been 
proven 99% reliable in actual use.** 


les placed accurately. Staples removed quickly. Extraction Superior cosmetic results. 
gned for precise placement. easy for surgeon and patient. 


le space between staple crown Extractor designed for easy removal 
skin surface minimizes cross- of staples. Simply position jaws 

ing and eases staple extrac- beneath staple span, squeeze 
Properly placed staples handles until fully closed, and lift 
de accurate apposition with staple. 


sa ata = 


**Based on data on file at ETHICON, INC 





INTERMEDICS PULSE GENERATORS 

INDICATIONS FOR USE Implantable cardiac pulse generators 
may be indicated for long-term treatment of impulse forma- 
tion and conduction disorders resulting in symptomatic 
bradyarrhythmias, tachyarrhythmias, and heart block unre- 
sponsive to drug therapy 

PRECAUTIONS Implanted pacemakers have a finite and rela- 
tively wide variable service life as a result of factors such as the 


1 . Pu t aa 1-1 i a4 ... - —— of Cel an 


manufactured pacemaker; variations in electrode system resis- 
tances, stimulation rate, and the percentage of time the im- 
planted pacemaker is inhibited; anc random electronic 
component failures 

Pacemaker operation can be influenced by electric, magne- 
tic, or electromagnetic energy mimicking normal cardiac ac- 
tivity. In addition, certain envircnmental sources can couple 
sufficient energy into a pacemaker system to damage the pulse 
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pacemaker patients because of possible total inhibition of the 


pulse generator; electrocautery can inhibit and/or damage th 
pacemaker as well as cause burns or possible ventricular fib 
rillation; defibrillation can damage the pacemaker, and the 
presence of the pacemaker may cause increased cardiac mus 
damage from defibrillation. Certain electrical and gasoline- 
powered appliances can cause inhibition of an implanted 
cardiac pacemaker system 


Far camnilete nrecautinns «ee the Phvsician's Manual fc ur 





wermedics cardiac pulse generator to be used. 
TRAINDICATIONS AND SIDE EFFECTS There are no 
"n contraindications to the use of pacemakers as a 
cal method for control of heart rate. Body rejection 
omena, local tissue reaction or skin necrosis, muscle 
erve stimulation, embolism, and cardiac tamponade 
been reported 

ther of the models pictured are cardiac pacemaker 
its. 


You want her pacemaker 


to be reliable, 


and she wants to wear her 
designer originals. 


Intermedics ThinLith.™ 





A thinner, lighter pacemaker 


for your patient's well being. 


No one has to tell vou that a 
pacemaker implant raises a 
number of concerns among your 
patients. One concern many of 
your patients may share is, very 
simply, "How much will it show?" 
At Intermedics, we are cognizant of 
this concern. We've designed a 
series of pacemakers to help mini- 
mize appearance anxiety among 
your patients while giving vou the 
reliability of our CMOS circuitry in 
a trimmer, more compact size. 
Yes, the ThinLiths employ the 
same dependable CMOS circuitry 
proven successful in our other 
Intermedics pulse generators. In 
addition, the lighter weight, 
reduced thickness and smoothly 
rounded corners reduce pocket 
bulge and add to the post-operative 
comfort of your patients. Also, the 


ThinLith design helps to reduce 
skin pressure necrosis and the 
chances of pacemaker migration 
within the body. 

ThinLith. The answer to your 
concerns about reliability. And 
your patients’ concerns about 
appearance. 

Examine the dimensions of our 
ThinLiths, and assure your patient 
that she can still wear those 
designer originals. Contact your 
Intermedics representative for 
more information on the ThinLith 
series. 

Typical dimensions of the ThinLiths 


Height Width Thickness Weight Volume 


(cm) (cm) (cm) (g) (cma) 
ThinLith I* — 6.6 4.6 1.1 78 30 
ThinLith II* 6.0 4.6 1.1 68 27.5 
ThinLith HI — 5.1 4.6 1.1 55 22 
E e 
The ThinLith. 
Part of a Superior Pacing 


System From Intermedics. 


49 Intermedics Inc. 


P.O. Box 617 
Freeport, Texas 77541 


Our business is life. 
ThinLith is a trademark of Intermedics, Inc 


© Copyright 1979, Intermedics, Inc., Freeport, Texas 


*The ThinLith I and ThinLith II models 
(225-01 and 227-01) now carry a Patient 
Lifetime Replacement Agreement. 








Postoperative surgical 
infections. 


Valve replacements and prosthetic implants have a few 
important things in common —the ability to vastly improve the 
quality of life...and the predisposition to infection. In many 
cases, the infecting organism is also the same — penicillinase- 
producing staph. Progression can be swift and devastating. 


Initial antistaph therapy: 
Injection. 


It's vitally important that effective treatment of bacterial 
invasion begin as soon as possible. If you suspect the 
presence of staph and must begin therapy before definitive 
culture results are known, Injection Unipen® (nafcillin 
scdium)t is a particularly suitable agent. 


Appropriate specimens for bacteriologic studies to determine 
the causative organisms and their susceptibility to nafcillin 
should be taken prior to the first dose of antibiotict And, if 
those studies subsequently implicate organisms other than 
penicillinase-producing staphylococci sensitive to nafcillin, 
discontinue nafcillin and administer the appropriate antibiotic. 


Rapid penetration. 


Unipen appears rapidly in plasma following intramuscular 
administration. Penetrates body tissues in high concentration 
and diffuses well into pleural, pericardial and synovial fluids. 


“On call" capability. 


Heconstitutes in less than 60 seconds. Remains stable in I. V. 
solution 24 hours at room temperature or 96 hours under 
refrigeration t 


Follow-up therapy: Oral. 


Un pen is available in tablets, capsules and oral solution as 
we. as parenteral forms. The injectable form should be used 
initally in severe infections. And as soon as the clinical condi- 
tion warrants, Oral Unipen allows you to continue antistaph 
therapy with the same antibiotic in a form more agreeable to 
mest patients. 


TSee Important Note on next page. 
Ses important information under Parenteral Administration on next page. 


INJECTION AND ORAL 


UNIPEN 


(nafcillin sodium) 


as the monohydrate, buffered. 
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Copvright ©1979. Wyeth Laboratories Div. of AHPC, N.Y., N.Y. 
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See important information on next page. 


Unipen 
(nafcillin sodium) 


AS THE MONOHYDRATE,BUFFERED,W YETH 


Disc Susceptibility Tests: Quantitative methods that require mea- 
surement of zone diameters give the most precise estimates of anti- 
biotic susceptibility. One such procedure* has been recommended 
for use with discs for testing susceptibility to penicillinase-resistant 
penicillin-class antibiotics. Interpretations correlate diameters on the 
disc test with MIC values for penicillinase-resistant penicillins. With 
this procedure, a report from the laboratory of "susceptible" indi- 
cates that the infecting organism is likely to respond to therapy. A 
report of "resistant" indicates that the infecting organism is not 
likely to respond to therapy. A report of "intermediate susceptibil- 
ity” suggests that the organism would be susceptible if high dosage 
is used, or if the infection is confined to tissues and fluids (e.g., 
urine) in which high antibiotic levels are attained. 

*Bauer, A.W., Kirby, W.M.M., Sherris, J.C., and Turck, M.: Antibiotic Testing by 
a Standardized Single-Discs Method, Am. J. Clin. Pathol., 45:493, 1966; Stan- 
dardized Disc Susceptibility Test, FEDERAL REGISTER 37:20527-29, 1972. 


Indications: Although the principal indication for Unipen is in the 
treatment of infections due to penicillinase-producing staphylococci, 
it may be used to initiate therapy in such patients in whom a staphy- 
lococcal infection is suspected. (See Important Note below.) 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to Unipen should be performed. 

In serious, life-threatening infections, oral preparations of the peni- 
cillinase-resistant penicillins should not be relied on for initial therapy. 


Important Note: When it is judged necessary that treatment be ini- 
tiated before definitive culture and sensitivity results are known, the 
choice of Unipen should take into consideration the fact that it has 
been shown to be effective only in the treatment of infections caused 
by pneumococci, Group A beta-hemolytic streptococci and penicillin 
G-resistant and penicillin G-sensitive staphylococci. If the bacteriology 
report later indicates the infection is due to an organism other than a 
penicillin G-resistant staphylococcus sensitive to Unipen, the physi- 
cian is advised to continue therapy with a drug other than Unipen or 
any other penicillinase-resistant semisynthetic penicillin. 

Recent studies have reported that the percentage of staphylococ- 
cal isolates resistant to penicillin G outside the hospital is increas- 
ing, approximating the high percentage of resistant staphylococcal 
isolates found in the hospital. For this reason, it is recommended 
that a penicillinase-resistant penicillin be used as initial therapy for 
any suspected staphylococcal infection until culture and sensitivity 
results are known. 

Methicillin is a compound that acts through a mechanism similar to 
that of Unipen against penicillin G-resistant staphylococci. Strains of 
staphylococci resistant to methicillin have existed in nature and it is 
known that the number of these strains reported has been increasing. 
Such strains of staphylococci have been capable of producing serious 
disease, in some instances resulting in fatality. Because of this there is 
concern that widespread use of the penicillinase-resistant penicillins 
may result in the appearance of an increasing number of staphylococ- 
cal strains which are resistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all other 
penicillinase-resistant penicillins (cross-resistance with cephalosporin 
derivatives also occurs frequently). Resistance to any penicillinase- 
resistant penicillin should be interpreted as evidence of clinical resist- 
ance to all, in spite of the fact that minor variations in in vitro 
sensitivity may be encountered when more than one penicillinase- 
resistant penicillin is tested against the same strain of staphylococcus. 


Contraindications: A history of allergic reaction to any of the penicil- 
lins is a contraindication. 


Warnings: Serious and occasionally fatal hypersensitivity (anaphylac- 
toid) reactions have been reported in patients on penicillin therapy. 
Although anaphylaxis is more frequent following parenteral therapy 
it has occurred in patients on oral penicillins. These reactions are 
more apt to occur in individuals with a history of sensitivity to mul- 
tiple allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hypersensi- 
tivity reactions when treated with a cephalosporin. Before therapy 
with a penicillin, careful inquiry should be made concerning previous 
hypersensitivity reactions to penicillins, cephalosporins, and other 
allergens. If an allergic reaction occurs, appropriate therapy should 
be instituted, and discontinuation of Unipen (nafcillin sodium) ther- 
apy considered. The usual agents (antihistamines, pressor amines, 
corticosteroids) should be readily available. 

Precautions: As with any potent drug, periodic assessment of organ- 
system function, including renal, hepatic and hematopoietic, should 
be made during prolonged therapy. 


The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant orga- 
nisms occurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, card ospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

ParticLlar care should be taken with intravenous administration 
because of the possibility of thrombophlebitis. 


Adverse Reactions: Reactions to Unipen have been infrequent and 
mild in nature. As with other penicillins, the possibility of an 
anaphylactic reaction or serum-sicknesslike reactions should be con- 
sidered. A careful history should be taken. Patients with histories of 
hay fever, asthma, urticaria, or previous sensitivity to penicillin are 
more likely to react adversely. 

Transient leukopenia, neutropenia with evidence of gran- 
ulocytopenia or thrombocytopenia are infrequent and usually associ- 
ated wit? prolonged therapy with high doses of penicillin. These 
alterations have been noted to return to normal after cessation of 
therapy. 

The few reactions associated with the intramuscular use of Unipen 
have been skin rash, pruritus, and possible drug fever. As with other 
penicillirs, reactions from oral use of the drug have included nau- 
sea, vomiting, diarrhea, urticaria, and pruritus. 


Parenteral Administration: It is recommended that parenteral ther- 
apy be used initially in severe infections. The patient should be 
placed on oral therapy with this product as soon as the clinical con- 
dition warrants. Very severe infections may require very high doses. 


Intravenous Route: The required amount of drug should be di- 
luted in 15 to 30 ml of Sterile Water for Injection, U.S.P., or Sodium 
Chloride Injection, U.S.P., and injected over a 5- to 10-minute pe- 
riod. This may be accomplished through the tubing of an intra- 
venous infusion if desirable. 

Stability studies on Unipen at concentrations of 2 mg/ml to 40 
mg/ml in the following intravenous solutions indicate the drug will 
lose less than 10% activity at room temperature (70°F.) or, if kept 
under refrigeration, during the time period stipulated: 


Stability at Room 
Temperature Refrigerated 

Sterile Water for Injection 24 hours 96 hours 
Isotonic sodium chloride 24 hours 96 hours 
5% dex-rose in water 24 hours 96 hours 
5% dex-rose in 0.4% sodium 

chloride solution 24 hours 96 hours 
Ringer's solution 24 hours 96 hours 
M/6 sodium lactate solution 24 hours 96 hours 


Discard any unused portions of intravenous solutions after 24 
hours i^ kept at room temperature or after 96 hours if kept under 
refrigeration. 

Only those solutions listed above should be used for the intra- 
venous infusion of Unipen. The concentration of the antibiotic 
should fall within the range of 2 to 40 mg/ml. The drug concentrate 
and the rate and volume of the infusion should be adjusted so that 
the total dose of Unipen (nafcillin sodium) is administered before 
the drug loses its stability in the solution in use. 

There is no clinical experience available on the use of this agent 
in neorates or infants for this route of administration. 

This route of administration should be used for relatively short: 
term therapy (24-48 hours) because of the occasional occurrence of 
thromtophlebitis, particularly in elderly patients. 


Intramuscular Route: The clear solution should be administered 
by deep intragluteal injection immediately after reconstitution. After 
reconszitution, keep refrigerated (2°-8° C.) and use within 7 days 
or keep at room temperature (25° C.) and use within 3 days. 


Oral Administration: Beta-hemolytic streptococcal infections should 
be treated for at least 10 days to prevent development of acute 
rheumatic fever or glomerulonephritis. 

If oral therapy is inadequate, resort to parenteral Unipen. 

After mixing, the oral solution must be stored in a refrigerator. 
Discard any unused portion after one week. 


Supplied: INJECTION (VIALS)—Supplied in vial sizes of 500 mg, 
1 gram, and 2 gram nafcillin sodium as the monohydrate, buffered. 
When reconstituted as recommended, the contents of each vial pro- 
vide, respectively 2, 4 or 8 ml of nafcillin sodium solution equivalent 
per ml to 250 mg nafcillin buffered with 10 mg sodium citrate. Film- 
coated TABLETS—containing nafcillin sodium as the monohydrate, 
equivalent to 500 mg nafcillin buffered with calcium carbonate. 
CAPSULES—containing nafcillin sodium, as the monohydrate, 
equivalent to 250 mg nafcillin buffered with calcium carbonate. FOR 
ORAL SOLUTION—Bottle of dry nafcillin sodium as monohydrate— 
powder for reconstitution to provide 100 ml of solution containing 
nafciliin sodium equivalent to 250 mg nafcillin per 5 ml. 

WYETH LABORATORIES, PHILADELPHIA, PA. 


for aortic valve replacement, the lonescu-Shiley Pericardial Xenograft has shown outstanding perfor 
ance characteristics in the mitral position as well. 


| | Actuarial analysis of mitral valve replacement data indicates excellent long-term survival. 
| | The embolic incidence is low even without the use of anticoagulant. 
| | In-vitro studies indicate hydraulic function superior to other tissue valve substitutes. 


For further information on the Pericardial Xenograft, contact your Shiley Representative — USA 
(714-979-0500), or International Representat ve — Telex No. 68-5585, or write: 


Shiley, inc. 

17600 Gillette Avenue 
Irvine, California 92714 
(714) 979-0500 

(800) 854-3683 

(800) 854-3684 


Cable: SHILEYSLIRIN 
Telex: 68-5585 


Mailing Address 
P.O. Box 11707 
Santa Ana, California 9 


an integral member of the open heart team 
LC1610 (8/79) Shiley, Inc 
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EDITORIALS 


Manpower and Services in Thoracic Surgery 


Thomas B. Ferguson, M.D. 


“It is difficult to look further ahead than vou 
can see" (Winston Churchill). 


The issue of medical manpower is critical to the 
long-range planning for national health needs. 
Numerous factors influence the training ard 
distribution of physicians, and all of them are 
complexly interrelated. This means that a 
change in one area will affect another. A prime 
example is the government mandate (Public 
Law 94-484) to the medical schools that by July, 
1979, 50% of the filled first-year residency po- 
sitions must be directed toward primary ca-e (a 
recent report from the Institute of Medicine rec- 
ommended that the figure be 60 to 70%), :hus 
placing in peril the available manpower pocl for 
the surgical specialties. Another exampke is 
Title VI of the same law, which virtually eBirai- 
nates foreign medical graduates from post- 
. graduate training in thoracic surgery prog-ams 
in the United States. In addition, unpredic-a»le 
events affect the system, such as the burgeon- 
ing demand for coronary bypass operations in 


our own specialty. It is very important for al. of © 


us in medicine to emphasize to our legishtive 
representatives that a flexible attitude toward 
manpower must be maintained. Any atterr.p:i to 
grind specific numbers (e.g., allotment of resi- 
dency slots) into the formula could invite di- 
saster. 

The two papers on manpower in thoracic 
surgery in this issue of The Annals are important 
contributions and deserve a careful reading. 
The article by Adkins and Orthner (p 407) sum- 
marizes the final report of the Manpower 
Committee of the Society of Thoracic Surgeons, 
and provides data on the work load and practice 
patterns of Board-certified thoracic surgeons for 
the calendar year 1976. This survey wes de- 
signed to complement the National Thoracic 
Surgery Manpower Study (the Brewer report), 
which provided statistics for the year 1970. Al- 


From the Department of Surgery, Division of Car- 
diothoracic Surgery, Washington University School of 
Medicine, St. Louis, MO. 


Address reprint requests to Dr. Ferguson, 3108 Queeny 
Tower, Barnes Hospital Plaza, St. Louis, MO 631.0. 


though the data are not strictly comparable be- 
cause the Brewer report included all surgeons 
(Board-certified or not) performing thoracic 
surgery while the Adkins and Orthner survey 
polled only Board-certified thoracic surgeons, a 
comparison between the two years (1970 and 
1976) is possible. It also is pertinent because the 
volume of coronary artery operations became a 
factor in the interval. |. 

In 1970, there was an average of one thoracic 
surgeon (Board-certified or committed to the 
specialty) per 100,000 population, and this sur- 
geon performed approximately 60 major tho- 
racic operations per year. For 1976, the average 
was still one Board-certified thoracic surgeon 
per 100,000 population, but each surgeon per- 
formed approximately 87 major thoracic proce- 
dures. This represents an increase from 1.25 to 
1.81 cases per week per surgeon (48-week work 
year). It should be stressed that these figures do 
not include endoscopy, minor chest proce- 
dures, pacemaker implants, or peripheral vas- 
cular operations. The average work load of the 
individual thoracic surgeon in 1976 was eluci- 
dated further by Adkins and Orthner. Their 
data are summarized in the Table. 

The figures under cardiac operations suggest 
by subtraction that an average of 8 acquired 
cardiac procedures other than bypasses (e.g., 
valve) were done per surgeon per year. These 
data were derived from 2,240 Board-certified 
thoracic surgeons responding to the poll. 

Although figures representing mean values 
can be misleading, and while certainly these 
data do not present even a near-total picture of 
the thoracic surgeon's average work load, they 
do not suggest that the "avalanche" of coronary 
bypass operations has saturated our manpower 
capability. At the same time, there seems to be 
no indication of impending overpopulation in 
the specialty, as has been suggested for general 
surgery by the report of the Study on Surgical 
Services for the United States and for other 
specialties such as neurosurgery. In fact, the 


- complete data from the reports for the two time 


periods indicate that a healthy equilibrium 
continues to exist with regard to surgeon/ 
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Summary of Data from The Society of Thoracic Surgeons Manpower Survey for 1976 


Operation Number/Ycar Operation/Surgeon/Year 
Noncardiac thoracotomies 86,734 38.7 | 
All cardiac operations 109,116 48.7 
Coronary artery bypass 71,551 31.9 
Congenital open 11,449 5.1 
Congenital closed 7,556 3.4 

Totals per year 195,850 87.4 


consumer ratios, geographic distribution of 
' services, and surgical work loads. 

In their article, Feldstein and Viets (p 413), 
utilizing published data from several sources, 
attempt to forecast manpower requirements for 
our specialty for the next 15 years. It is a schol- 
arly and thoughtful contribution by two 
public-health experts who have no vested 
interest in the future of thoracic surgery. 

Two major ways by which the work week of 
the thoracic surgeon could be altered in the fu- 
ture are a change in the volume of operations or 
a change in the number of surgeons available 
to do these operations. Feldstein and Viets 
studied both of these issues. Using data from 
the Hospital Record Study, they project that 
the increase in volume of major thoracic sur- 
gery cases will be 6.1% per year over the next 15 
years. In the Adkins and Orthner report, the 
average Board-certified thoracic surgeon, while 
performing an average of 1.81 operations per 
week during 1976 (for a total of about 200,000 
procedures for all thoracic surgeons), indicated 
the capability of handling an additional 2.5'to 3.8 
operations per week, or more than 300,000 op- 
erations per year. It is recognized that thoracic 
surgeons, known for their.inexhaustible drive, 
may be overzealous in these estimates of their 
capabilities. Even so, at the present rates of 
production and attrition of Board-certified 
thoracic surgeons, and with a case volume in- 
crease of 6.1% per year, it would take the better 
part of the next 25 years to saturate the system. 


The other variable is the number of thoracic 
surgeons produced each year. The predictions 
of Feldstein and Viets suggest that we are near 
the optimum demand/supply ratio. The results 
of their investigation indicate that over the next 
15 years, average case loads for Board-certified 
thoracic surgeons will increase approximately © 
50% (Zrom 1.7 to 2.6 operations per week) if the 
Board certification rate remains near the pres- 
ent 1&0 per year (their Table 6). However, the 
margin of flexibility is large. Even if the 
number of new Board-certified thoracic sur- 
geons entering the system was halved (80 per 
year) cor the next 15 years, and if all major 
thorac.c surgical procedures were performed by 
Board-certified surgeons, the average case load 
in 1993 would only increase to 4.2 major proce- 
dures per week. Again, this figure is well 
within the perceived capability of the thoracic 
surgery labor force. 

These two studies, along with the Brewer 
study. for the year 1970, provide a clearer under- 
standir.g of who is providing what services in 


. thoraciz surgery. Although we thoracic sur- 


geons ere never complacent, it would seem jus- 
tified to note that our manpower situation is in 
a healik:y condition and will likely remain so for 
the next 15 years. However, continued close 
monitoring of manpower needs by people 
within and knowledgeable of the specialty is 
a responsibility of our thoracic organizations. 
It shou.d continue to receive the highest pri- 


ority. 


Coronary Artery Surgery Survival Studies 


Jay L. Ankeney, M.D. 


“A Comparative Synchronous Coronary Sur- 
gery Survival Study” by Flemma, Mullen, Lep- 
ley, and Assa (this issue, p 423) is anothe- of 
many showing that coronary artery bypass op- 
eration increases longevity and contradictirg 
the results of the Veterans Administration an- 
domized study, which failed to demonst-a-e 
that operation prolongs life. Without exception, 
cardiac surgeons criticize the Veterans Admin- 
istration Cooperative (VAC) Study for a high 
operative mortality (5.8%) and low patency 
(71%). The authors of the present study are no 
exception. They report an operative mortality of 
only 0.5% (1 out of 229 patients) but fail to re- 
port their patency rate. The reader must assure 
it is higher than that reported in the VAC 
Study. 

The authors compare their results in patien-s 
operated on during 1972 to 1974 with the resal<s 
in the medical cohort of the VAC Study treated 
during the same period. They imply that prev-- 
ous reports comparing results of operatior in 
the 1970s with patients treated medically in the 
1960s are “of historical interest" only because of 
the time difference and the marked improve- 
ment in medical therapy. The only evideace 
they present to support this idea of improved 
medical therapy is that the VAC Study reports 
the best survival data to date for patients with 
coronary artery disease treated medically. This, 
of course, raises an important question: does 
medical therapy prolong life in patients wita 
chronic stable angina? 

Patient selection more than medication prob- 
ably played the most important role in the 2x- 
cellent results reported in the VAC Study. Thes 
relatively low mortality among the patieats 
treated medically in that study points out -h2 
difficulties of comparing one group of patients 
with others, unless it is done in a randomized 
fashion in which all patients are assessed in 


From the Division of Cardiothoracic Surgery, University 
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exactly the same manner before separation into 
study groups. To my knowledge, there is no 
evidence available to demonstrate that medical 
therapy influences favorably the natural history 
of patients with chronic stable angina, besides 
relieving their symptoms. Until some medica- 
tion is discovered to prevent the natural pro- 
gression of atheromatous changes in coronary 


vessels or to dissolve atheromatous plaques al- 


ready present, improvement in longevity as a 
result of medical therapy for patients with this 
type of disease is probably not possible. 

The authors are quite right in using the 
medical cohort from the VAC Study for com- 
parison with their excellent surgical results 
since it is the only randomized, prospective 
study in which patients who have angiographi- 
cally proved coronary artery disease and who 
are acceptable as surgical candidates are treated 
medically for five or more years. Without ques- 
tion, the most valuable part of the VAC Study is 
this controlled group of patients who, it is to be 
hoped, will be followed for a significant length 
of time in order that the natural history of their 
disease can be clearly documented. This medi- 
cally treated group of patients will serve as a 
yardstick and standard for comparison of re- 
sults obtained with various modalities of treat- 
ment, whether surgical or medical. 

Besides showing that patients with chronic 
stable angina live a long time, the VAC Study, 
to date, has demonstrated that an operative 
mortality of 5.896 and a graft patency rate of 
7196 are not good enough to indicate a statisti- 
cally significant difference in survival when op- 
eration is compared with medical therapy. The 
comparative study reported in this issue of The 
Annals, in contrast, suggests that coronary ar- 
tery bypass operation performed with a low 
mortality does lengthen life. Unfortunately, a 
statistical analysis showing significance be- 
tween the authors' patients and those reported 
in the VAC medical cohort was not carried out, 
but it can be safely assumed that the percentage 
differences are significant. 
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Continued follow-up and more detailed anal- 
ysis of the medical and surgical patients in the 
VAC Study might well yield specific informa- 
tion that can be used by cardiologists and sur- 
geons in selecting patients for bypass operation. 
Answers to some of the following questions 
would be helpful. Which patients are at great- 
est risk of not surviving five years without 
operation? What electrocardiographic and an- 
giographic findings indicate a poor prognosis 
that can be favorably influenced by active sur- 
gical intervention? Of what prognostic impor- 
tance is the presence of congestive heart failure, 
cardiac enlargement, arrhythmias, and history 
of myocardial infarction? What operative mor- 


talitz and patency rates must be attained in 
order to show significant increase in longevity 
in patients with chronic stable angina? If an- 
swers to these questions can be harvested from 
the VAC Study, cardiologists and surgeons will 


‘be Kelped greatly in deciding which patients 


should undergo operation and which ones 
should be treated medically. Flemma, Mullen, 
Lepley, and Assa show clearly that if operative 
mor-ality can be kept at a very low level, opera- 
tive intervention is able to increase the length 
of lite in patients with chronic stable angina. It 
is tc be hoped that surgeons performing this 
type of bypass operation today can also attain 
thes» excellent results. 
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The Society of Thoracic Surgeons 
Manpower Survey for 1976: A Summary 


Paul C. Adkins, M.D., and Helmuth F. Crthner, PF.D. 


ABSTRACT The results of a 1977 survey regarding | 


places and types of thoracic surgical procedures per- 
formed in the United States are analyzed. Responses 
gathered from 2,240 thoracic surgeons showed that 
active thoracic surgeons between 34 and 54 years old 
performed 195,850 major thoracic or cardiac opera- 
tions per year. Fifty-four percent of active surgeons 
responding were in solo practice, 40% practiced in 
groups of 2 to 5 surgeons, and the remaining 6% 
were in groups of 6 or more. 

Community size, regional distribution of services, 
proportion of professional activities allocated to vazi- 
ous procedures, and estimates of additional capacity 
are also summarized. 


In the fall of 1976, Dr. Thomas Ferguson, then 
President of the Society of Thoracic Surgeors, 
commissioned an ad hoc committee on man- 
power to survey the current work load of 
thoracic surgeons in the United States. This 
was the first step in an attempt to make projec- 
tions for future manpower needs in thoracic 


surgery. 


Manpower Survey 

In June, 1977, a questionnaire was sent to all 
diplomates of the American Board of Thoracic 
Surgery (ABTS) known to be residing in the 
United States, approximately 2,300 persons. 
The following information was solicited: (1) 
date of birth and date of certification by the 
ABTS; (2) solo or group practice and size; (3) zip 
code to identify regions; (4) community size; (5) 
number of major thoracotomies (noncardiac) 
performed in 1976; (6) total number of cardiac 
operations performed in 1976; (7) number of 
coronary artery bypasses; (8) number of open 
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congenital heart operations; (9) number of 
closed congenital heart operations; (10) per- 
centage of total practice devoted to car- 
diothoracic operations, peripheral vascular 
operations, and other activities; and (11) an 
estimate of the number of additional cases each 
surgeon could handle per week with current 
staffing and facilities. 

To preserve the confidentiality of the infor- 
mation on the questionnaire itself and to ensure 
proper identification of the response, two en- 
velopes were provided with the questionnaire. 
The otter envelope had the name of the re- 
spondent, which was checked against a list at 
the heedquarters of the Society of Thoracic Sur- 
geons. The inner envelope, containing the an- 
swered questionnaire, was forwarded for 
tabulation and data processing purposes. This 
dual-envelope method allowed the respondent 
to remain anonymous. Each question was 
numbered, coded, and keypunched. An exten- 
sive data reviewing and validation procedure 
was initiated to eliminate errors and duplicate 


responses. 


When a group of two or more individuals 
were in practice together, it was permissible for 
one individual to respond for the entire group. 
Unfortainately, this led to some confusion in the 
reply to two questions. The first concerned the 
age of the respondent. If an individual an- 
swerec for a group, only one age was given in 
some instances. The second was the final ques- 
tion about additional cases per week. The vari- 
ety of answers received suggested that the re- 
sponse given was for a group rather than an 
individual or for a year rather than a week. 
Consequently, in February, 1978, a follow-up 
survey was sent out to cover these two ques- 
tions: "the age of each individual" if the re- 
sponse was for a group and "the number of 
additional cases per week that could be handled 
with current staffing and facilities." 

The file on returns was partitioned into £ 
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who indicated they were no longer performing 
operations. There were 139 responses in the in- 
active file and 1,527 responses in the active file, 
a total of 1,666 responses. Taking into account 
the fact that several people in groups were cov- 
ered by one response, this represents a total of 
2,240 thoracic surgeons. Thus, it can be as- 
sumed that this survey covers at least 90% of 
the active, Board-certified thoracic surgeons in 
the United States. The exact number of active, 
Board-certified thoracic surgeons in the United 
States in 1976 is unknown because 760 ques- 
tionnaires were not returned. According to a 
survey by the American Medical Association 
for 1976 [3, 4], there were 2,036 thoracic sur- 
geons in this country, but our survey indicates 
this figure to be too low. 


Results 
The following data summarize the important 
information obtained from the survey. 


Age Distribution 
Based on responses to the second questionnaire 
(February, 1978), the youngest respondent was 


30 years old and the oldest was 77 years. The . 


oldest active surgeon was 74 years of age. As 
can be seen from Figure 1, the majority of active 
thoracic surgeons in 1977 were between 34 and 
54 years old. There were 141 active thoracic sur- 
geons more than 60 years old. The average age 
of the inactive surgeons was 57.2 years and of 
the active surgeons, 46.2 years. 

Analysis of the type of practice by age group 
indicated that the number of thoracotomies 
performed per physician rose until the late fif- 
ties. Then there was a rapid drop. Cardiac sur- 
gery was done primarily by surgeons between 
35 and 54 years old. The number of such proce- 
dures steadily decreased for surgeons in the 
older age groups. This pattern was true for all 
types of cardiac surgery including coronary 
artery bypass and congenital heart operation 
(Fig 2). 


Group Size 
.Of the résponding active thoracic surgeons, 
5496 (1,199) were in solo practice. Forty percent 


NUMBER OF SURGEONS 





Fig 1. Distribution of thoracic surgeons by age in 1977. 
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Fig 2. Cardiothoracic procedures performed by age 
groups 


practized in groups of 2 to 5 surgeons, and the 
remaining 6% were in groups of 6 or more. 

A review of the surgical work load with refer- 
ence to the type of practice indicates that solo 
practicioners (54% of the surgeons) perform 
nearly two-thirds (63%) of all thoracotomies, 
but a third 37%) of cardiac operations. Those 
individuals in group practice (2 to 5 surgeons) 
perform 33% of all thoracotomies but 48% of 
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Fig. 3. Distribution of thoracic and cardiac surgica, ser- 
vices by community size. 


cardiac operations. Large group practices (6 
or more surgeons) perform only 496 of the 
thoracotomies, but nearly 1596 of all cardiac op- 
erations. This relationship held true for the 
subdivisions of cardiac surgery, including 
valve replacement, coronary artery bypass, and 
congenital heart operations. 


Community Size 

The respondents were asked to indicate the size 
of their community as less than 50,000; 50,020 to 
100,000; 100,000 to 500,000; 500,000 to one mil- 
lion; and greater than one million. As indicated 
in Figure 3, the majority of surgeons (€1%) 
work in metropolitan areas of 100,000 or more. 
The distribution of services by community size 
is shown in Figure 3 and generally follows the 
distribution of surgeons. The average number 
of thoracotomies per surgeon (39) is rather zon- 
stant for communities of 100,000 or more, 
whereas the number of thoracotomies per sur- 


geon performed in smaller communities was ` 
substantially less. The number of cardiac cper- 


ations, including all forms of cardiac surgery, 


was a substantial “discrepancy between the 
average number of cardiac procedures per sur- 
geon in small communities (15 per year) com- 


PACIFIC 


REGION 





0 4 8 12 16 20 
PERCENT OF PHYSICIANS 


Fig 4. Fegional distribution of thoracic surgeons. 


pared with the average per surgeon (77 per 
year) in large metropolitan areas. 


Regional Distribution 

The rezional distribution of active thoracic sur- 
geons was estimated by zip code, which the 
respordents were requested to supply in 
the answer. These were analyzed in terms of the 
nine geographic regions corresponding to the 
major census divisions of the United States (in- 


‘cluding Alaska and Hawaii, although no re- 
'sponses were received from Hawaii). The re- 


gional distribution was analyzed also in terms 
of wo-k load. The total population in 1976, 
based on information obtained from the Bureau 
of the Census, was 212,145,000. Thus, based on 
the number of responding, active, Board- 
certified thoracic surgeons, there was approxi- 
mately 1 thoracic surgeon per 100,000 popula- 
tion (excluding Hawaii) Analysis of regions 
indicated that most are close to this average. 
The Pecific region leads with 1.4 surgeons per 
100,000, followed by the Mountain region with 


| 1.2. The Southeast Central region is lowest with 
was greatest in large metropolitan areas. There : 


0.8 surgeons per 100,000 people. Four regions 
(Pacific, Northeast Central, South Atlantic, and 


' Middle Atlantic) account for about two-thirds 


(67.9%) of all Board-certified thoracic surgeons 
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in the United States. These four regions also 
have a population that is about two-thirds 
(65.5%) of the total civilian population in the 
United States (Fig 4). 

In general, distribution of services in 1976 
corresponded roughly with the distribution of 
thoracic surgeons. In the Pacific and Mountain 
regions where there was the highest density 
of thoracic surgeons, the average number of 
thoracotomies performed per surgeon was 30, 
while in other regions the average number was 
about 40 (range, 37 to 49). The national average 
was 39 thoracotomies per surgeon in 1976. 

The national average of cardiac operations, 
excluding those related to pacemakers, was ap- 
proximately 50 per surgeon in 1976. The lowest 
number of cardiac operations per surgeon was 
in the South Atlantic region (average, 34). The 
highest average number of cardiac operations 
per surgeon was in the Southwest Central area 
(77), due primarily to the very active groups in 
Texas. 


Practice Profile 
This portion of the report is based on answers 
to the question pertaining to the proportion of 
professional activities characterized as car- 
diothoracic, peripheral vascular, and other ac- 
tivities. This question also was analyzed by re- 
gions, utilizing the zip code on the response. 
On a national level, thoracic surgeons devote 
an average of 57.9% of their professional activ- 
ities to cardiothoracic work, 19.196 to periph- 
eral vascular work, and 22.196 to other ac- 
tivities. However, when analyzed by median 
distribution rather than average, the medians 
for cardiothoracic, peripheral vascular, and 
other activities are 6096, 1096, and 0, respec- 
tively (Fig 5). Median in this instance means 
that half the surgeons devote at least the stated 


fraction of their professional activity to the cat- 


egories indicated. 


There is some regional variation of thoracic 


surgeons who practice cardiac and thoracic sur- 
gery almost exclusively (90 to 10096). At a na- 
tional level, 29.396 of active thoracic surgeons 
essentially limit their practice to cardiac and 
thoracic surgery. But regional analysis provides 
the following variation: 


Percentage of 
Thoracic Surgeons 
Performing 90 to 
100% Cardiothoracic 


Regica Surgery 
New England 40.7 
Northeast Central 37.9 
Mid-Atlantic 35.9 
Pacific 33.5 
Soutr.2ast Central 27.5 
Mountain 23.2 
Northwest Central 20.8 
Soutrz. Atlantic 18.5 
Southwest Central 16.5 


The regional distribution patterns for tho- 
racic surgeons performing peripheral vascular 
surgery is similar to the national picture. The 
median percentage of the peripheral vascular 
portion of a practice exceeds 2096 in only two 
regio-s, the Southwest Central and South At- 
lantic. In other regions the median is less than 
20%. Nevertheless, 43% of respondents indi- 
cated zhat their peripheral vascular activity con- 
stituizd 2096 or more of their practice. 

Anzlysis of other activities, such as general 
surgery and administration, indicated a bi- 
modal distribution demonstrating that very 


Fig 5. Proportions of practice devoted to types of proce- 
dures. 
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few thoracic surgeons dedicate any significant 
portion of their activity to other than car- 
diothoracic and peripheral vascular work. Con- 
versely, a small minority reported a high per- 
centage of other activities. 


Estimates of Additional Capacity 

The last portion of the questionnaire requested 
an indication of capacity to perform additional 
operations per week with current facilities and 
staffing. With the original questionnaire, a 
wide variety of estimates was received ranging 
from 0 (no additional capacity) to 300. Since a 
significant number of responses indicated a 
capacity to handle 50 or more cases a week, it 
was presumed that many had misinterpreted 
the question and had responded by estimating 
on an annual basis. Consequently, a second 
questionnaire was sent out to try to clarify this 
estimate. Analysis of the results of the second 
questionnaire demonstrated that 55 solo prac- 
titioners (or 7%) and 96 groups of 2 to 9 sur- 
geons believed that they were working at 
capacity and could not handle any additional 
cases. However, on a national average, solo 
practitioners believed they could handle 3.8 
additional cases per week and physicians prac- 
ticing in groups of 2 to 9 believed that they 
could handle 2.5 additional cases per surgeon 
per week. The difference between the response 
of solo practitioners and groups is statistically 
highly significant. Assuming that there are 
roughly 2,000 active thoracic surgeons working 
fifty weeks a year, these data translate into a 
capacity to handle approximately 300,000 addi- 
tional cases per year. When analyzed by region, 
it was found that for solo practitioners the 
greatest capacity for additional cases per week 
was in the Southwest Central region (Lou- 


isiana, Arkansas, Oklahoma, and Texas), 4.5 — 


cases per week, and the Northeast Central 
region (Ohio, Indiana, Michigan, Wisconsin, 
and Illinois), 4.1 cases per week. The lowest ad- 
ditional capacity for solo practitioners was in 
the Southeast Central region (Alabama, Ten- 


nessee, Mississippi, Kentucky), 3.2 cases per ` 


week. Analysis of capacity by group practition- 
ers of 2 to 9 surgeons demonstrated that the 
highest capacity for additional cases was in the 


Southwest Central region, 3.5 cases per surgeon 
per week, and the lowest capacity was in New 
England, 2 cases per week per surgeon. 


The Work Load in Thoracic Surgery—1976 
Based on this survey, in the United States in 
1976, 2,240 surgeons who are certified by the 
ABTS performed 195,850 major thoracic and 
cardiac operations, a national average of 87.4 
major cases per surgeon per year. This excludes 
pacemaker-related procedures, minor thoracic 
procedures, and peripheral vascular or other 
operations. Of these operations, 86,734 were 
major thoracotomies of a noncardiac nature. A 
total of 109,116 cardiac operations were per- 
formed, of which 71,551 were coronary bypass 
procedures, 11,449 were open congenital heart 
procedures; and 7,556 were closed congenital 
heart procedures. The remainder were valve re- 
placements or repairs. 

Examination of data obtained from the Hos- 
pital Record Study [2] for the year 1976 showed 
that in the United States, approximately 144,000 
noncardiac thoracotomies were performed. 
Comparing this with our survey, 87,000 opera- 
tions, or approximately 60%, of all noncardiac 
thoracic procedures in the United States in 1976 
were performed by Board-certified thoracic 
surgeons. Regarding cardiac surgery, the fig- 
ures from the Hospital Record Study and from 
the current survey were very similar, with the 
survey being slightly higher. Thus, it would 
appear that virtually all cardiac surgery in the 
United States in 1976 was performed or super- 
vised by Board-certified thoracic surgeons. Of 
the total work load of 240,000 cardiac cases in 
the United States in 1976, only 44,000, or 18.3%, 
were performed by surgeons not certified by 
the ABTS. 

The current survey was also compared with 
the results of the National Thoracic Surgery 
Manpower Study of 1970 conducted by Lyman 
Brewer and his committee [1]. The 1970 study 
reported that 30% of the thoracic surgery 
done in the United States was performed by 
non-Board-certified surgeons compared with 
slightly less than 20% in the current study. The 
major difference between the two surveys was 
in the number of cardiac procedures. The 1970 
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survey reported 64,000 cardiac operations com- Floyd D. Loop, M.D. 

pared with 109,000 for 1976. It is reasonable to Herbert Sloan, M.D. 

assume that the explanation for this major dif- C'arence 5. Weldon, M.D. 
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Forecasting Health Manpower 
Requirements: The Case of Thoracic Surgeons 
Paul J. Feldstein, Ph.D., and Hilary P. Viets, M.P.H. | 


ABSTRACT This paper presents projections of the 
future demand for thoracic surgery. Estimates of the 
future supplies of thoracic surgeons are constructed 
based on three alternative annual Board-certification 
rates. The consequences of varying supplies of 
thoracic surgeons, for a given level of expected de- 
mand, are presented in terms of expected work-load 
levels. Since it is costly to society if there are too few 
thoracic surgeons and since it is an obvious waste of 
resources if there are too many, no single estimate 
for an optimal annual increase in the number of 
thoracic surgeons is suggested. Important in- 
adequacies of data for both forecasting demand and 
determining work loads are noted. 


Inaccurate forecasts of the demand for thoracic 
surgeons are costly. The training of too many 
thoracic surgeons means that educational re- 
sources and manpower skills have been wasted, 
resources and skills that could have been used 
to greater advantage elsewhere. The training of 
too few means that procedures that should be 
performed by Board-certified thoracic surgeons 
may be done by other, less trained profession- 
als or that unnecessarily long delays may occur 
before an operation is performed. While the 
values associated with the costs of having too 
many or too few Board-certified thoracic sur- 
geons may not be equal, the optimal number of 
such surgeons must be the result of a considera- 
tion of both these costs. 

This paper presents projections of the future 
demand for thoracic surgery and discusses the 
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implications of meeting this demand with dif- 
ferent numbers of specialists. First, estimates of 
the future numbers of active thoracic surgeons 
are constructed. Three alternative annual 
Board-certification rates simulate the range of 
different-sized residency programs. Next, es- 
timates of the future demand for thoracic pro- 
cedures are developed. The concluding section 
has a discussion of the impact of different 
numbers of Board-certified thoracic surgeons 
on their work loads. Since no judgment is made 
regarding an optimal work-load level, no single 
estimate is provided for annual increases in the 
number of Board-certified thoracic surgeons. 
Instead, several estimates of work load are de- 
veloped according to different annual increases 
in the number of Board-certified thoracic sur- 
geons. It is left to the reader to select among 
the alternative levels of residency training 
programs the one that would result in the de- 
sired work-load estimate. 

The results of this investigation indicate that 
over the next fifteen years, average case loads 
for Board-certified thoracic surgeons will in- 
crease by approximately 50% if the Board- 
certification rate remains at 160 per year. The 
increase in operative case loads will, of course, 
be greater if fewer than 160 surgeons are added 
to the existing number each year and if Board- 
certified surgeons perform a greater percentage 
of major surgical operations than they do at 
present. If the demand for thoracic surgery ex- 
pands faster than it did over the period used for 
making the projections, case loads would simi- 
larly increase. 

In order for the results of this study to be 
used to set goals for the number of residency 
positions in thoracic surgery, it would be nec- 
essary to specify a desirable full-time case load 
for thoracic surgeons. With a particular goal in 
mind, it would be possible to examine the im- 
pact of different assumptions used in this paper 
on the number of training positions that would 
be required to meet future demand. Additional 
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data should be collected to narrow the range of 
estimates in those areas in which the data are 
particularly poor. 


Estimating the Number of Board-certified 
Thoracic Surgeons ` 
Future requirements for the number of full-time 
Board-certified thoracic surgeons are depen- 
dent on two factors. The first is the expected 
demand for thoracic surgery procedures, and 
the second is the number of physicians 
performing thoracic operations who are not full- 
time Board-certified thoracic surgeons. Physi- 
cians in the non-Board-certified category in- 
clude those who are Board-certified but work 
only part-time and those performing thoracic 
. procedures whose specialty is something other 
than thoracic surgery, such as general surgery 
or cardiology. Ideally, the number of physicians 
in each of these specialties and their contribu- 
tions to the number of thoracic operations per- 
formed also should be projected. Unfortu- 
nately, reliable data on the number or the extent 
of involvement of different specialists per- 
forming thoracic operations are unavailable. 

Projections of the number of Board-certified 
thoracic surgeons are more readily obtainable. 
How large the work loads of these surgeons are 
likely to be will depend on the proportion of 
major and other thoracic surgical procedures 
done by them and other physicians. Thus, the 
influence of non-Board-certified thoracic sur- 
geons on the requirements for future numbers 
of Board-certified thoracic surgeons will de- 
pend on the percent of thoracic surgical proce- 
dures performed by Board-certified surgeons. 
Undoubtedly, this percentage is influenced by 
a number of factors; however, a separate study 
would be required to estimate the importance 
of these factors. Therefore, the influence of 
non-Board-certified thoracic surgeons on the 
future requirements for Board-certified sur- 
geons will be approximated by assuming dif- 
ferent proportions for the estimated number of 
thoracic procedures performed by non-Board- 
certified surgeons. It would be preferable, of 
course, to analyze separately the determinants 
of that percentage. 

The method used to project the number of 
Board-certified thoracic surgeons in a future pe- 


riod is based on the technique used in the 
Study on Surgical Services for the United States 
(SOSSUS) [4]. Since the Board-certification rate 
for pLysicians training in thoracic surgery is 
approximately 90% [la], the SOSSUS meth- 
odology uses the number of physicians receiv- 
ing Board certification each year as equivalent 
to the number of residencies in thoracic surgery 
and as an indication of the principal career and 
specialty practice of those physicians [4, pp 
627-528]. 

The projections of numbers of Board-certified 
thoradc surgeons were based on an initial 
number of these surgeons and their age dis- 
tribution. At five-year intervals, the population 
was adjusted for deaths and retirements (using 
empir:cally determined death and retirement 
rates!* and for additions as a result of increases 
in the number of physicians becoming Board- 
certified.’ In 1973, there were 2,111 Board- 
certified thoracic surgeons in active practice, 
based on the Directory of Medical Specialists. 
The fi-st projection was to January 1, 1978, at 
which time we estimated that there were 2,593 
practicing Board-certified thoracic surgeons. 

Betvreen 1978 and 1983, because of the length 
of a residency program in thoracic surgery and 
the likelihood of changes in the number of resi- 
dency programs, we assumed the number of 
new Eoard-certified thoracic surgeons would 
increase by 160 per year, or 800 in total. During 
this five-year period it was assumed that there 
would be no changes in the number of resi- 
dency programs in thoracic surgery. After 1983, 
the increase in new Board-certified thoracic 
surgecns each year was based on three different 
rates cf production, i.e., number of residency 
programs. For subsequent projection periods, it 
was assumed that the number of additions to 
the stock of Board-certified thoracic surgeons 


*For estzmates of reduction for death and retirement by age 
group, see Moore et al [4, p 630]. 

No certifications were granted in 1973. There were 158 new 
diplometes in 1974, 151 in 1975, and 160 in 1976 [1]. The 
estimate of 160 Board-certified thoracic surgeons for 1977 
was provided by Dr. Herbert E. Sloan in a personal com- 
municafion, October 25, 1978. The age distribution of 
newly certified thoracic surgeons was determined by ex- 
trapoleting from Moore et al [4, Appendices A and B, pp 
633-624 ,, using appearance rates (of new Board-certified 
thoracic surgeons in five age categories) resulting from the 
analysis of typical age-group distributions for all surgical 
specialties over a period of ten years. 
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Table 1. Estimates of the Supply of Board-cer*ified 
Thoracic Surgeons under Alternative Accrual 
Rates, 1978 through 1998 


Board Certification Rates per Year 


Year 80 BCTS 120 BCTS 160 BCTS 
1978 2,993 
19834 =e ies 3,202 
1988 3,326 3,526 3,726 
1993 3,341 3,736 4,128 
1998 3,224 3,835 4,413 


“Between 1978 and 1983, all projections were based on cer- 
tification of 160 physicians per year, to simulate an in- 
terim period prior to adjustment of additions to supply. 


BCTS = Board-certified thoracic surgeons. 


would be 80 per year, 120 per year, or 160 per 
year, which is the current annual rate of in- 
crease.* The results of these projections are 
shown in Table 1. When the annual rate of in- 
crease is 80, the stock of Board-certified thoracic 
surgeons grows to just over 3,200 by 1998. Ata 
Board-certification rate of 120 per year, the 
number reaches 3,835 by 1998. Maintaining the 
current rate of Board certification at 160 per year 
results in an upper level estimate of 4,413 
Board-certified thoracic surgeons by 199&. The 
increase in numbers under these three different 
assumptions regarding certification is shown in 
the Figure. 


Projecting the Demand for Thoracic Surgeons 

The growth in demand for thoracic surgery pro- 
cedures is the result of a number of factors. For 
example, there has been an increase in new 
surgical techniques, and there is greater avail- 
ability of health insurance to the population to 


pay for increased use of these procedures. Some . 


of the factors affecting demand, such as demo- 
graphic characteristics and the extent of insur- 
ance coverage, can be measured. Other factors, 
such as likely research developments in surgical 
techniques and indications for their use, cannot 
be measured since necessary data are poor or 
nonexistent. i 


*Average Board-certification rates for 1968 through 1973 or, 
alternatively, 1971 through 1976 (omitting 1973) exceeded 
160 per year, and it appears that this level will be main- 
tained in the near future [1, Table 1]. 


To project the likely demand for thoracic pro- 
cedures, it is necessary first to have data on the 
number of surgical procedures by type of pro- 
cedure and by age group on which each is per- 
formed. Second, it is necessary to determine 
which factors are most important in affecting 
demand. Third, the magnitude of their effect on 
demand must be estimated. And fourth, fore- 
casts must be developed to show how each of 
these demand determinants is likely to change 
over time. Because of the unavailability of data 
to undertake such a demand study, a number of 
compromises must be made. Demand projec- 
tions for different types of thoracic surgery pro- 
cedures are based on an assumed annual rate of 
increase. The use of a certain annual rate of in- 
crease in each type of thoracic procedure im- 
plicitly assumes that the net effect of the de- 
mand determinants for each type of procedure 
would be annual rates of increase similar to 
those that have occurred in the recent past. 

Certain thoracic procedures are closely re- 
lated to specific age groups in the population. If 
the different thoracic procedures were cate- 
gorized by age group before projections of 
their annual rates of increase were made, two 
important demand determinants, the size and - 
age composition of the population, would be 
considered in making the demand projections. 
Unfortunately, it was not possible to develop 
categories that were age-specific. Instead, we 
projected recent trends in the total number of 
thoracic procedures without regard to changes 
in the size or composition of the population. 


Growth in supply of Board-certified thoracic surgeons 
(BCTS) under alternative assumptions. 
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The basis for the projections in this section is 
annual data collected as part of the Hospital Rec- 
ord Study [2], which includes estimates of pro- 
cedures performed in all surgical specialties. In 
this study, procedures are coded from samples 
of patient records according to the type of inter- 
vention, rather than by specialty of the prac- 
titioner. For example, operations on the respi- 
ratory system are stratified by anatomical 
structure, such as the lung, and each class of 
individual procedure, such as lobectomy or 
complete pneumonectomy, follows in a subcat- 
egory." 

It is important to note at this point that both 
total and major surgical procedures are likely to 
be underestimated. For 1970 through 1973, it 
was possible to collect data from the Hospital 
Record Study on vascular operations such as re- 
pairs of abdominal aortic or intrathoracic vas- 
cular aneurysms, repair and anastomosis of the 
thoracic aorta or pulmonary artery, graft recon- 
struction of intrathoracic, intraabdominal, or 
peripheral arteries, and endarterectomies, all of 
which can be classified as major operations. 
After 1973, however, the coding of operations 
in the Hospital Record Study was changed to 
follow the system used in the second edition of 
the Hospital Adaptation-International Classifica- 
tion of Diseases, and no comparable codes for 
these vascular operations were available. Pace- 
maker operations, endoscopies, and peripheral 
vascular operations are minor procedures that 
also are performed by Board-certified thoracic 
surgeons but they were excluded from the 
tabulations. How serious a downward bias this 
exclusion makes in the work load of Board- 
certified thoracic surgeons is uncertain. 

During the period 1970 through 1973 for 
which data were available, major vascular oper- 
ations represented between 25 and 28% of total 
major procedures. According to another study, 
in 1970 these operations represented 17.696 of 
the total California Relative Value—weighted 


*Based on the classification scheme of the Hospital Adapta- 
Hon of ICDA (H-ICDA), Commission on Professional and 
Hospital Activities (CPHA), Ann Arbor, MI. Data for 1970 
through 1973 are from the first edition, Nov, 1968, and for 
1974 through 1977, the second edition, Sept, 1973. See vol- 
ume 1, tabular list for both editions. We take responsibility 
for the accuracy of matching categories between the two 
coding systems. 


work loads of Board-certified thoracic surgeons, 


. While pacemaker operations and bronchos- 


copies added another 8.6% [la]. These esti- 
mates suggest that a notable part of the work 
load of the Board-certified thoracic surgeon in 
1970 consisted of these operations. 

But it is possible that since 1973, the work 
load -f the Board-certified thoracic surgeons 
may kave shifted away from vascular opera- 
tions. In this case, omitting these operations 
from the figures may have decreased the extent 
of bias in the estimates of work load. Because of 
the unavailability of data on these operations 
for 19-4 through 1977, however, the estimates 
of tote. thoracic procedures used in this paper 
should be considered to have a downward bias. 

Estiaates of the total number of thoracic sur- 
gery operations, both major and minor, per- 
formec in all short-term, general, non-federal 
hospitals in the United States for 1970 through 
1977 z-e shown in Table 2. These operations 
include only the most important procedure for 
each patient undergoing operation, and there- 
fore tb» total number of procedures on record 
may Fe underestimated. Between 1970 and 
1977, -tal operations increased at an average 
annua. rate of 8.6% or by 76% (168,000 proce- 
dures) over the entire period. The largest an- 
nual re-es of increase occurred in operations on 
the hezrt, pericardium, and coronary arteries, 
which experienced an average annual growth of 
2396. As a percent of total thoracic procedures, 
operat-ons on the heart increased from 12.796 in 
1970 to 29.9% in 1977. Although increasing in 
absolu= numbers, the proportion of total oper- 
ations accounted for by procedures on the 
bronchus, chest wall and mediastinum, and 
diaphzzgm declined. Lung and esophageal pro- 
cedure=, as a proportion of the total, remained 
unchanged at approximately 19% and 11%, re- 
spectively, 

Tabis 3 presents estimates of the number of 
major 2rocedures performed by category of 
procedure. (As in the construction of Table 2, 
the:data represent only one procedure per pa- 
tient.) Excluded are minor procedures, which 
fall within the practice of thoracic surgery but 
are performed primarily by doctors other than 
Board-certified thoracic surgeons, and would 
not cor ribute to measures of operative activity 
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Table 2. Estimates of Major and Minor Thorazic Surgical Procedures Performed in Short-Term, 
General, Non-Federal Hospitals in the United States, 1970 through 1977 (in thousands)*” 


i tie tN e MEM ME LLLA 


Pleura, Heart, 
Chest Wall, Pericardium, 
Total and Medias- and Coronary 

Year Procedures  Bronchus Lung tinum Arteries^ Esophagus Hernia“ 
1970 220 24 42 95 28 25 6 
1971 228 23 42 99 . 32 26 6 
1972 276 22 50 121 46 30 y 
1973 281 24 53 109 58 31 6 
1974 311 19 58 121 72 35 6 
1975 339 20 63 122 91 37 6 
1976 358 21 68 126 96 41 6 
1977 388 24 75 126 116 43 4 





"Source: Hospital Record Study [2]. 


"Estimates of primary procedures as coded using categories from the Hospital Adaptation of ICDA, 1968 and 1973. 
Vascular operations omitted because of coding incorsistencies. 

‘Includes congenital heart, coronary bypass, and othe- cardiac operations; excludes pacemaker-related operations. For 1970 
through 1973, includes an estimate of 12,000 operations per year for the following congenital procedures: closure of patent 
ductus arteriosus, systemic-pulmonary artery shunt, and other repair of vessels. 


Repair of diaphragmatic hernia, thoracic approach. 


Table 3. Estimates of Major Procedures Performed by Major Category 
of Thoracic Surgery, 1970 through 1977 (in :housands)*^ l 


Total Major Major Thora- 
Year Procedures cotomies* 
1970 121 93 
1971 135 103 
1972 164 118 
1973 176 118 
1974 198 126 
1975 230 139 
1976 240 144 
1977 262 146 


‘Source: Hospital Record Study [2]. 


Coronary Congenital Other 

Bypass? Heart? Cardiac! 
3 13 12 
8 13 11 

16 15 i 15 

26 14 18 

39 16 17 

50 18 23 

58 15 23 

74 17 25 


"Estimates of primary procedures as coded using cetegories from the Hospital Adaptation of ICDA, 1968 and 1973. 
‘Includes major procedures on bronchus; lung; pEura, chest wall, and mediastinum; and esophagus; and repair of 


diaphragmatic hernia, thoracic approach. 


‘Sum of operations in these categories is shown in Table 2, column 6: heart, pericardium, and coronary arteries. 
*Incorporates estimate of 12,000 for congenital procedures, 1970 through 1973 (see Table 2, footnote b). 
'Valve operations and other procedures for acquirec heart conditions. 


on an equal basis with the more complex, 
time-consuming procedures shown in Table 3. 
Procedures excluded include pneumonotomy, 
surgical collapse of the lung, thoracentesis, 
scarification of the pleura, repair of the chest 
wall, and mediastinotomy. A comparison of 
Tables 2 and 3 suggests that major procedures 
comprised approximately 5496 of all noncardiac 


operations performed in 1977. Major proce- 
dures of all types, including cardiac, totaled 
67.596 of all thoracic operations. 

The data in Tables 2 and 3 were used as the 
basis for forecasting the demand for thoracic 
surgery procedures. Estimates of the likely an- 
nual growth rates were based on the annual 
rates observed between 1970 and 1977; greater 
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Table 4. Projections of All Thoracic Surgical Procedures (tr: thousands) in Short-Term, 
General, Non-Federal Hospitals in the United States, 197E through 1993 


L-ajor Operations 


Total Major Coronary Congenital Other 
Year Operations? Total? Thoracotomies* Bypass? Heart* Cardiac! 
1978 419,040 279,660 154,760 79,550 17,850 27,500 
1983 615,706 379,385 207,103 107,300 20,693 44,289 
1988 904,674 205,215 277,151 135,050 24,687 71,327 
1993 1,329,263 677,184 370,891 162,800 28,619 114,874 


?Major and minor procedures, projected using an 8% growth factoz xad 1977 base from Table 2. 

"The sum of all major operations, rather than a separate projection. 

"Includes all major noncardiac operations (see Table 3, footnote b). Frojected using a 6% annual rate of increase. 
‘Based on an assumption of 75% growth for ten years, beginning w-th the 1977 figure of 74,000 operations. 


*Projected using a 396 annual rate of increase. 
Projected using a 10% annual rate of increase. 


reliance, however, was placed on the annual 
rates of increase in the later years. Projections 
for total thoracic surgery operations (from Table 
2, column 1) and for all major groups of proce- 
dures (from Table 3) are presented in Table 4 for 
the years 1978 through 1993, along with the re- 
spective projection factors. For coronary artery 
bypass graft operations only, the projection was 
based on the judgment that the rate of growth 
would approximate 7596 over a ten-year period 
(for an annual rate of increase of 5.7%).* This 
estimate may be contrasted with the 3096 an- 
nual rate of growth that would be projected if 
the 1974 through 1977 trend in annual rates of 
growth had been used. Under these assump- 
tions, the annual rate of increase in total major 
procedures between 1978 and 1993 is expected 
to be 6.196. Because the annual rates of increase 
. were lower in the more recent years, 1974 
through 1977, the annual rates of increase are 
less than the 11.896 observed between 1970 and 
1977. 


Estimating the Current Work Load of 
Board-certified Thoracic Surgeons 

The 1976 Manpower Survey conducted by the 
Society of Thoracic Surgeons [6] provides spe- 
cific information on the practice activities of a 
large proportion of Board-certified surgeons. 
Physicians were asked to record the number of 
major operations they had performed, accord- 


*Estimate provided by Dr. Herbert E. Sloan, January 12, 
1979. 


ing tc five major categories of procedures. 
These procedure categories correspond to the 
categc-ies used in our tables. Table 5 compares 
the number of major operations performed by 
Board-ertified thoracic surgeons, as reported 
in the Manpower Survey, with the estimates of 
total procedures performed by Board-certified 
surgecas and others based on the Hospital Re- 
cord S:4dy data (see Tables 2, 3). 

In the Manpower Survey, 2,240 Board- 
certified thoracic surgeons responded to ques- 
tions cn their case loads of major operations. 
They verformed a total of 195,850 major 
thoracztomies, coronary bypass, congenital 
heart (both open and closed), and other cardiac 
procecares in 1976. Data from the Hospital Re- 
cord S:4dy suggest that 240,000 major opera- 
tions cf these types were estimated to have 
been performed in short-term, general, non- 
federa. hospitals in the United States by both 


-Board~certified and other practitioners in 1976. 


The d:screpancy between the two studies is 
caused primarily by the difference in numbers of 
thoracctomies reported. Since the proportion of 
major thoracotomies performed by Board- 
certified thoracic surgeons is approximately 
60% of <he total (see Table 5, line 3), nearly 40% 
of the thoracotomies for pulmonary and other 
noncer-iac disease are presumed to have been 
perforred: by surgeons who are not Board- 
certified in thoracic surgery. 

Accoxding to the Manpower Survey, 44% of 
the msjor operations performed by Board- 
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Table 5, Estimated Current Work Load of Board-certified Thoracic Surgeons in 1976 


All Total Major Major Coronary Congenital Other 
Operations Operations Operations Thoracotomies Bypass Heart Cardiac 
Operations by BCTS? 195,850 86,734 71,851 19,005 18,560 
Procedures in short- 358,000 240,000 144,000 58,000 15,000 23,000 
term, general, (1976) (1976) 
non-federal hos- 74,000 17,000 
pitals® (1977) (1977) 
Percent of procedures — 52.8? 77.4* 60.2 100.0 100.0 80.7 
performed by 
BCTS* 
Estimated weekly 1282 


work load, total 
major operations by 
BCTS 


"Operations from the 1976 Manpower Survey, the Society of Thoracic Surgeons, for all categories except total major 
operations and other cardiac procedures, The other cardiac category (valve and other operations) was determined as the 
difference between 109,116 operations reported in the Manpower Survey and the coronary bypass and congenital heart 
^ portions of this total. 

"Operations from the Hospital Record Study for 1976 and 1977, where indicated. 

"When the Manpower Survey estimates exceed Hospital Record Study figures for 1976, Board-certified thoracic surgeons are 
assumed to provide 10096 of services rendered. When Survey values are less than the numbers of hospital cases, Board- 
certified thoracic surgeons performed the percentage of operations shown. See text for details. 

“Total major operations = operations by Board-certified thoracic surgeons divided by the number of all operations in 
short-term, general, non-federal hospitals. Denominator adjusted from 358,000 to 371,116 to include the number of coro- 
nary bypass, congenital heart, and other cardiac operations reported in the Manpower Survey for 1976. 

*Total major operations — operations by Board-certified thoracic surgeons divided by the number of total major operations 
in short-term, general, non-federal hospitals. Denominator adjusted from 240,000 to 253,116 as in d. 

fFor 2,240 Board-certified thoracic surgeons performing 195,850 major procedures. Estimate is based on a 48- week work year 


. (2 weeks of legal holidays and 2 weeks of vacation). 


BCTS = Board-certified thoracic surgeons. 


certified thoracic surgeons were major tho- 
racotomies; the remaining 5696 were vari- 
ous cardiac procedures. While it would be 
expected that these surgeons would perform 
10096 of coronary bypass and congenital heart 
procedures, there is a discrepancy in these two 
categories between the Manpower Survey and 
the Hospital Record Study. The number of coro- 
nary bypass and congenital heart operations 
reported in the Manpower Survey exceeds the 
estimated number reported by the Hospital Re- 
cord Study in 1976. The opposite situation oc- 
curs for other cardiac procedures performed for 
valvular and acquired conditions. Estimates 
from the Hospital Record Study exceed the esti- 
mate based on the Manpower Survey. The dif- 
ference in estimates can be reconciled either in 
terms of the data collection or measurement 
error. It has been claimed that there is an over- 
lap between the congenital and "other cardiac" 
category as a result of the fine distinctions that 
must be made in coding. This overlap would 


distort the number of operations in each of 
these two categories.* The 1977 estimates from 
the Hospital Record Study for coronary bypass 
and congenital heart operations are relatively 
similar to the estimates from the 1976 Man- 
power Survey, however. 

The Hospital Record Study provides 9596 con- 
fidence limits for estimates of surgical proce- 
dures once the number of procedures exceeds 
4,000. The Manpower Survey estimates for 
coronary bypass operations are within the con- 
fidence levels established for 1977 estimates of 
those operations in the Hospital Record Study. 
We have assumed, therefore, that Board- 
certified thoracic surgeons perform 10096 of 
coronary bypass operations (see Table 5, line 3). 
Since the Manpower Survey estimate for con- 
genital heart operations is higher than the 


*Sloan HE, Adkins PC: Personal communication, 1979. 
tApproximate sampling errors at the 95% level of confi- 
dence are presented in the introductory sections of annual 
issues of the Hospital Record Study. 
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upper confidence limit for the Hospital Record 
Study estimate of congenital operations per- 
formed in 1976, we also have assumed that 
Board-certified thoracic surgeons perform 100% 
of these procedures. For "other cardiac" opera- 
tions, it has been assumed that these surgeons 
perform 80%. The lower percentage of these 
operations performed by the Board-certified 
thoracic surgeons may be a result of both mea- 
surement and overlap error, with the "true" es- 
timate approaching 90%. However, because 
this cannot be verified, we have used the 8096 
estimate. 

In the aggregate, then, the 195,850 major op- 
erations performed by Board-certified thoracic 
Surgeons are estimated to represent 52.896 of all 
thoracic surgery operations, both major and 
minor, in non-federal hospitals. They are esti- 
mated to have performed 7796 of all major oper- 
ations (see Table 5, line 3). If the 195,850 ma- 
jor procedures were equally divided among 
the 2,240 Board-certified thoracic surgeons re- 
sponding to the Manpower Survey, the average 
annual work load would be 87.43 major proce- 
dures, or 1.82 major procedures per week. 

Again it should be emphasized that these 
work load estimates exclude major vascular op- 
erations and some minor operations, which are 
estimated to have represented approximately 
one-third of the work load of Board-certified 
thoracic surgeons in 1970 [1a].* Given these se- 
vere shortcomings of data, the work-load esti- 
mates might be more appropriately used for 
comparative purposes, that is, analyzing the 
relative change in a given work load when 
there are different numbers of Board-certified 
thoracic surgeons, rather than as the actual 
work load of these surgeons in a given period. 


Implications of Different Supplies and 
Demands for Thoracic Surgeons 

It is now possible to bring together the esti- 
mates of future demand, expressed as projected 
number of procedures, and projections for the 
future numbers of Board-certified thoracic sur- 


*As a percentage of the total CRV-weighted work load of 
Board-certified thoracic surgeons, pacemaker operations 


were 8.6% and “‘all other procedures" (each of which con- - 


tributed less than 196 to the CRV-weighted work load) were 
24.196. (See Table VI of reference 1a.) 


Table o. Estimated Weekly Work Load 
of Boa*d-certified Thoracic Surgeons 

for 1978 through 1993, under Alternative 
Assumrtions of Residency Output and 
Percent of Procedures Performed? 


Board-certified 


Surgeons 
Performing Board-certified 
Current (1976) Surgeons 
Percentages of Performing 


100% of All 
Major Procedures 


Procedures in 
Major Categories? 


Number of Residents Becoming 
Board Certified per Year* 


Year 80 120 160 80 120 160 
1978 L7 2.4 
1983 v TE 1:99 is 2.9" 
1988 2.4 2.3 2.2 3:2 3.0 2.8 
1993 3.2 2.8 2.6 4,2 3.8 3.4 


?Derived from estimates of total major operations in Table 
4. Total »opulations of Board-certified thoracic surgeons for 
various years from Table 1. Assumes all are engaged in 
patient care activities full-time. Work loads based on 48- 
week year (2 weeks of legal holidays and 2 weeks of vaca- 
tion). 

560.296 of major thoracotomies, 100% of coronary bypass 
and ccngenital heart, and 80.796 of other cardiac opera- 
tions. 

*Based cn increments of 80, 120, and 160 Board-certified 
thoracic surgeons per year beginning in 1983. The projec- 
tion methodology allowed five years prior to this time for 
maintenance of the current rate of certification, i.e., ap- 
proxima:ely 160 Board-certified thoracic surgeons. 
“Between 1978 and 1983, supply is not subject to adjustment 
by rate of entry of Board-certified thoracic surgeons; 160 
new Board-certified surgeons per year are added between 
these years. 


geons, under different assumptions of addi- 
tions to the stock. The mechanism by which the 
numbers of procedures and the numbers of 
thoracic surgeons are matched is the work load 
per surgeon. For a given number of procedures, 
fewer surgeons mean a greater work load per 
surgeon. 

Table 6 shows work loads per week for each 
Board-certified thoracic surgeon in 1978, 1983, 
1988, and 1993, based on two assumptions: (1) 
the proportion of major procedures that these 
surgeons might perform and (2) the annual in- 
crease in the number of Board-certified sur- 
geons. The right-hand side of Table 6 provides 
work-load estimates based on the assumption 
that Board-certified thoracic surgeons will do all 
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major operations; the left-hand side assumes 
that they will perform the same percentage of 
the various types of operations as in 1976 (see 
Table 5). (It should be kept in mind that taese 
work-load estimates are for major procedures 
only; including minor procedures would in- 
crease estimates by approximately one-third.) 
As expected, the largest work-load estimates 
occur when Board-certified thoracic surgeons 
perform all major operations and when annual 
increments to the stock are the smallest, 80 per 
year. Under those conditions, the estimated 
work load of major procedures is 4.2 per week. 
Assuming that the same percent of major 
procedures is performed by Board-certified 
thoracic surgeons in 1993 as now and also as- 
suming an annual increase of 80 Board-certified 
thoracic surgeons per year, the estimated 
weekly work load is 3.2. With an increase o: 160 
Board-certified surgeons per year, in 1993 the 
weekly work load is 3.4 when 10096 of the major 
procedures are done by these surgeons com- 
pared with 2.6 when they do the same percent- 
age as now. Weekly work loads under any of 
these assumptions regarding annual increases 
in the number of Board-certified thoracic sur- 
geons and the proportion of major procedures 
performed, exceed the 1976 estimate of 1.8. De- 
pending on the set of assumptions selected, the 
weekly work load for major procedures in 1993 
is likely to be between 2.6 and 4.2. It is perhaps 
realistic to assume that Board-certified tho-acic 
surgeons will perform the same percentages of 
the different types of operations in the future as 
they currently do, with the remainder being 
performed by non-Board-certified surgeons. 
Under this set of assumptions, if the annual in- 
crease in newly certified surgeons were to drop 
to 120 in 1983, work loads would grow »y 1 
procedure per week over the next fifteen years, 
to 2.8 in 1993. If the output of Board-certified 
thoracic surgeons were to continue at a rate of 
160 per year, weekly work loads would increase 
by less than 1 procedure per week, or to an 
estimated 2.6 procedures per week in 1993. 
Current. work loads among Board-certified 
thoracic surgeons and other surgeons are be- 
lieved by some to be too low. For example, em- 
pirical evidence indicates that surgeons are 
willing to undertake greater surgical work loads 


[3]. Reports from Board-certified surgeons in 
solo practice indicate an average free capacity of 
3.83 cases per week per physician (N — 788). 
For physicians practicing in groups of between 
2 and 9, 2.54 additional cases per week per sur- 
geon can be undertaken (N = 1,137) [7]. 

Differences in the relative supply of Board- 
certified thoracic surgeons can be expected to 
result in differences in the composition of pro- 
cedures they perform, as well as differences in 
overall work load. For a given number of proce- 
dures, a larger supply of Board-certified sur- 
geons might be expected to perform a greater 
percentage of total major thoracotomies as well 
as other, less major procedures currently done 
by other practitioners. This might occur simply 
because they could increase their output if their 
numbers were greater. Thus, even though the 
work load per Board-certified surgeon might be 
lower when there are more of them, a larger 
total number of major and other procedures 
might still be performed by them. In addition to 
having higher overall work loads, a smaller 
number of Board-certified thoracic surgeons 
might also devote a greater proportion of their 
time to major operations. Thus the composition 
of the work load is expected to differ depending 
on the relative supply of Board-certified sur- 
geons. 

The results of this paper should be consid- 
ered tentative both because of the limited na- 
ture of the data on which the estimates are 
based and because of the uncertainty associated 
with future events that might increase or de- 
crease the demand for operations. Once esti- 
mates are published, they take on a credibility 
beyond their real value. Anyone using these 
estimates should therefore be aware of the as- 
sumptions used in their construction. 

Regardless of the difficulties of forecasting 
demand for thoracic procedures, it is still neces- 
sary to make decisions on the number of resi- 
dency programs in thoracic surgery. Given the 
uncertainty of long-range demand estimates, it 
would be preferable to make incremental deci- 
sions with regard to changes in the number of 
residency programs. In the meantime, the accu- 
racy of demand forecasts can be improved with 
further investigation into the determinants of 
demand and the proportion of thoracic proce- 
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dures performed by Board-certified thoracic 
surgeons and other surgeons. Data on thoracic 
procedures by age categories would also be ex- 
tremely useful. 

When there is a great deal of uncertainty re- 
garding future estimates of thoracic procedures, 
it is necessary to decide whether it is less costly 
for society to plan future supplies of surgeons 
based on a low or a high estimate of demand. 
For example, if the future demand for major 
thoracotomies or bypass procedures is higher 
than the estimates presented here, and if the 
annual increments of Board-certified thoracic 
surgeons were based on lower estimates of de- 
mand for these procedures, would this mean 
that more procedures would be performed by 
non-Board-certified surgeons? When forecast- 
ing the future requirements for Board-certified 
thoracic surgeons, it is necessary to be aware of 
the "costs" of too many as well as the “costs” 
of too few. 
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A Comparative Synchronous 


Coronary Surgery Survival Study 


Robert J. Flemma, M.D., Donald C. Mullen, M.D., 
Derward Lepley, Jr., M.D., and Jacob Assa, B.A. 


ABSTRACT Utilizing patient criteria published by 
the Veterans Administration Cooperative (7AC) 
Study, a cohort of 229 surgically treated patients was 
retrieved from the Milwaukee Cardiovascular Data 
Registry. These patients were all operated on b one 
surgeon during 1972 to 1974. Four-year survival of 
this group was compared with that of the med:cally 
treated cohort of 310 patients from the VAC Scudy. 
Operative mortality was included in all su-gical 
groups. 

The cumulative 4-year survival of both groups re- 
vealed a 95 to 85% advantage for surgical therapy. In 
patients with three-vessel disease, the cumu.ative 
survival favored surgical therapy—9496 compared 
with 80% in the medically treated cohort-—and in 
patients with triple-vessel disease and a normal left 
ventricle, surgical therapy again showed better re- 
sults: 100% compared with 88%. Patients with two- 
vessel disease and a normal left ventricle who 
underwent surgical intervention had slightly better 
4-year survival than those who had medical 
treatment—100% versus 95%—and those with two- 
vessel disease and an abnormal left ventricle aad a 
9396 survival after surgical treatment compared with 
84% for those with medical treatment. For paiients 
with single-vessel disease, there was no difference 
in survival between the surgical and medical 
cohorts. 


From St. Luke's Hospital and the Department of Thoracic 
and Cardiovascular Surgery, The Medical College oc Wis- 
consin, Milwaukee, WI. 


We thank the Milwaukee Cardiovascular Data Regiscry for 
the follow-up data and the life-table analysis formiag the 
basis of this study, and Dr. Timothy Takaro, who provided 


us with data from the Veterans Administration Cooperative . 


Study. We are appreciative of the work of the cardio.ogists 
at St. Luke's Hospital who have continuously spent the time 
and effort to record for the computer data bank the charac- 
teristics of all patients catheterized so that meaningful anal- 
ysis of our work is possible. 


Presented at the Twenty-fifth Annual Meeting of the South- 
ern Thoracic Surgical Association, Nov 2-4, 1978, Marco 
Island, FL. 2 


Address reprint requests to Dr. Flemma, 9800 W Blue- 
mound Rd, Milwaukee, WI 53226 


Coronary bypass operation relieves angina 
pectoris. During the early years of coronary 
bypass operation, it was presumed that the op- 
eration also prolonged survival of patients af- 
fected by coronary artery disease. When this 
was questioned, comparisons were made be- 
tween survival after coronary bypass operations 
done in the 1970s and medical therapy used in 
the late 1960s. These studies invariably showed 
coronary bypass operations to be superior by 
wide margins. However, we agree with critics 
who pointed out that the time difference and 
the many changes in medical therapy in the 
1970s make these comparisons suspect, and in- 
deed they are of historical interest only. 

The Veterans Administration Cooperative 
(VAC) Study, as presented by Murphy [2], Read 
[3] and their associates, shattered the scientific 
validity of those previous asynchronous studies 
and again raised the question of whether coro- 
nary bypass operation prolonged survival com- 
pared with optimal medical therapy of the 
1970s. Randomized studies were touted as the 
only way to solve this dilemma. Surgeons 
looking at the VAC Study recognized the 
somewhat elevated operative mortality (5.896) 
in the surgical cohort, and also noted that 1296 
of this cohort had no patent grafts. When these 
results were compared with the superior results 
of medical therapy, only left main coronary dis- 
ease revealed statistically significant differences 
between the two methods of treatment. 

We believed it would be more pertinent to 
compare the medical therapy cohort of the VAC 
Study with a surgical cohort that had the same 
demographic and left ventricular (LV) function 
characteristics and that was operated on during 
the same period (1972 to 1974). The study would 
not be the ideal randomized study but would 
compare optimal surgical and optimal medical 
therapy in patients seen during the same years. 
It should be noted that the medical therapy 
cohort of the VAC Study represents the best 
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survival data ever reported for such treatment. 
The surgical data to be reported are commonly 
reproducible in surgical centers performing 
many coronary bypass operations. To do this 
study, we analyzed the patients operated on by 
one of us (R. J. F.) during 1972 to 1974. Our 
patient data were derived from computer tapes 
of the Milwaukee Cardiovascular Data Registry 
established in 1970. Approximating the demo- 
graphic and LV function characteristics of the 
VAC Study as closely as possible, we retrieved 
data on 229 patients who underwent operation. 
They are compared with the cohort of 310 medi- 
cally treated patients from the VAC Study [2, 3], 
and survival is compared. 


Methods 

The VAC Study has published its criteria for 
entrance into the randomized trial for stable 
chronic angina [2, 3]. We used these criteria to 
retrieve a surgical cohort, catheterized and op- 
erated on at St. Luke’s Hospital during the same 
period that the patients in the VAC Study were 
seen (1972 to 1974). Patients with left main 
coronary disease and LV aneurysm were ex- 
cluded. The surgical patients included those 
with stable and unstable angina and hyperten- 
sion. The average age of the surgical patients 
was 54 years (range, 25 to 68 years), which is 3 
years older than the VAC Study group, but we 
also used 68 years as the older age limit. Our 
patients included 196 men and 33 women. Ves- 
sel disease was defined as a 50% reduction in 
luminal diameter of one or more major coronary 
arteries, as in the criteria of the VAC Study. 
The criteria for the two groups of patients are 
shown in Table 1. 

The only differences between the two groups 
were that we included patients with unstable 
angina and hypertension, and that 15% were 
women. Our group is an accurate reflection of 
the spectrum of patients with ischemic heart 
disease usually seen in a community, and, if 
anything, these characteristics would be con- 
sidered prejudicial to long-term survival rather 
than advantageous compared with those of the 
VAC Study. Forty patients had single-vessel, 79 
have double-vessel, and 109 had triple-vessel 
coronary artery disease. All had objective evi- 
dence of ischemic coronary disease. 


Tabie 1. Demographic Characteristics 
of thz VAC Study Medical and Our 
Surg:cal Cohorts Seen from 1972 to 1974 





Medical Cohort Surgical Cohort 





No l&t main coronary 
artery disease 
Stable angina 


No left main coronary 
artery disease 


Stable + unstable an- 


gina 
No h;pertension Hypertension 
No aneurysm No aneurysm 
Age -Z 68 yr (average, Age « 68 yr (average, 
51 vr) 54 yr) 


VAC = Veterans Administration Cooperative. 


atle 2 compares LV function in the two 
coho-ts. In both studies, patients with general- 
ized poor LV function or a "quivering" ventri- 
cle were rejected. The VAC Study rejected pa- 
tients with a marked elevation of left ventricular 
end-diastolic pressure (LVEDP) but this was not 
specifically defined. We rejected patients with 
LVELP greater than 25 mm Hg. Patients with a 
large left ventricle were rejected by the VAC 
Study but we have never used this as a criterion 
for surgical rejection. The VAC Study also used 
a pocr ejection fraction as a reason for rejection 
but s:nce we did not have this as a routine mea- 
surement during the years covered by this re- 
view, we did not use it as a criterion for rejec- 
tion. Poor ejection fraction alone is not even 
now a criterion for rejection for operation at St. 
Luke's Hospital. The ejection fraction may be 
misleadingly low if done in only one projec- 
tion. Biplane ventriculography was not men- 
tione- in the VAC Study. 

Table 2 also shows that an abnormal left ven- 
tricle was considered to be present if a ven- 
tricul-gram revealed one or more segments to 
be akinetic, hypokinetic or dyskinetic. This 
criter-on was utilized by both the VAC Study 
and us, and was our sole criterion. The VAC 
Stud, included also an LVEDP greater than 14 
mm Hg but this is subject to too many variables 
affec: ng the patient at the time of catheteriza- 
tion. | 

Dec aring a left ventricle to be abnormal be- 
cause Df an ejection fraction less than 45% or an 
LVEL> greater than 14 mm Hg is a liberal defi- 
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Table 2. Ventricular Function Criteria for Re:ection and " Abnormality" 


of VAC Study Medical and Our Surgical Cohorts 


Factor Medical 

Rejection Generalized poor LV function 
Marked elevation of LVEDP? 
Large LV 
Poor EF 

Abnormal LV EF < 45% or 


lor more segments akinetic, hypokine- 


tic, dyskinetic or 
LVEDP > 14 mm Hg 


Criteria 
Surgical 


Generalized poor LV function 
LVEDP 25 mm Hg 

No 

Not routine at time 


No 


1 or more segments akinetic, hypokinetic, 
dyskinetic 
No 





VAC = Veterans Administration Cooperative; LV = left ventricle; LVEDP = left ventricular end-diastolic pressure; EF = 


ejection fraction. 


nition. The ventriculogram is more precise, and 
utilizing that criterion, 68% of patients in the 
VAC Study had an abnormal left ventricle versus 
54% of our surgical cohort. Twenty percent of 
the surgical group had an LVEDP between 15 
and 25 mm Hg. Thirty-one percent of the VAC 
Study cohort had an LVEDP greater than 14 mm 
Hg, but no upper limit was given. Ventricular 
function of the two groups is closely compa- 
rable considering this fact and considering that 
an ejection fraction less than 45% is a liberal 
definition of abnormal. 

The surgical cohort has been followed Ey us 
and by the Milwaukee Cardiovascular Data Re- 
gistry, which provided the standard actuarial 
life-table analysis of the data. Only 2 patients 
have been lost to follow-up (less than 1%). 
Operative mortality within 30 days of operation 
(1 of 229 patients) is included in all life tables for 
the surgical cohort. 


Results 
Cumulative survival was calculated by standard 


actuarial life-table analysis. There were 229 pa- - 


tients in the surgical group, and the Milwaukee 
Cardiovascular Data Registry provided a 2996 
follow-up. We have reason to believe from per- 
sonal contact that at least 1 of the 2 lost to 
follow-up is still alive, but will not respond for 
personal reasons. 

Figure 1 compares the cumulative survivel for 
the two groups. Ninety-five percent of the sur- 
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Fig 1. Cumulative survival at4 years of 310 medically 
treated patients in the Veterans Administration (VA) 
Cooperative Study compared with cumulative survival 
of 229 patients in the surgical cohort at 4 and 6 years. 
The figures in parentheses represent the number of pa- 
tients alive at that time. Data on ventricular function of 
the surgical cohort are in the left lower corner. See text 
for details. (NLVF = normal left ventricular function; 
ALVF = abnormal left ventricular function; LVEDP = 
left ventricular end-diastolic pressure.) 


gical group was alive at 48 months; 177 of 
the 229 (77%) reached at least the 48-month 
follow-up. Thirty-five patients were followed for 
72 months. Thus, more patients in the study 
were. operated on earlier and followed longer 
than in the VAC Study in which only 94 of the 
310 patients (30%) were followed for 48 months. 
Cumulative survival is not as revealing as the 

subset analysis. Figure 2 compares all patients 

with three-vessel disease cumulative, and all 
patients with three-vessel disease and normal 
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Fig 2. Comparisons among the subsets of patients with 
triple-vessel disease (3 V D). Cumulative survival in the 
medical subset is 94% at 4 and 6 years versus 80% in 
the surgical subset at 4 years. Comparison between 
these surgical and medical subsets with a normal left 
ventricle (NLV) also shows better longevity in the sur- 
gical cohorts. (PTS = patients; VA = Veterans Admin- 
istration.) 
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Fig 3, Cumulative survival of the 129 patients with 
triple-vessel disease and an abnormal left ventricle in 
the Veterans Administration (VA) Cooperative Study ` 
compared with that of 70 patients in the same subset 
who had medical treatment. The surgical cohort has 
favorable longevity but it is 10% less than in the pa- 
tients with triple-vessel disease and a normal left ventri- 
cle at 4 years. 


LV function. It is interesting that patients with 
triple-vessel disease and a normal left ventricle 
in the surgical cohort had no operative or late 
deaths when followed for 72 months. This sub- 
set also did well when treated medically, with 
an 88% survival at 48 months. The 48-month 
survival for the surgical cohort shows an even 
greater difference when all patients with 
triple-vessel disease (cumulative) are com- 
pared: 9496 in the surgically treated group and 
80% in the medically treated group. 

Patients with three-vessel disease and an ab- 
normal left ventricle were examined as a sepa- 
rate subset (Fig 3). Improved survival with sur- 
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Fig 4. Cumulative survival for the subsets of patients 
with doutle-vessel disease and a normal left ventricle 
(NLV). Tae surgical cohort, has a slightly better record 
at 4 years but medical therapy is nearly as effective. 
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Fig 5. Cumulative survival for the surgical and medical 
subsets of patients with double-vessel disease and an 
abnormal left ventricle (ABN LV). The more favorable 
results are found in the surgical cohort. Comparison 
with Figu-e 4 confirms the point that left ventricular 
function i3 a more important determinant of survival 
than the rumber of vessels diseased. 


gical therapy became apparent at 2 years, and 
by 4 yeers there was a considerable difference 
favoring surgical therapy (90% versus 77%). The 
surgical survival has remained stable up to 6 
years aitnough the number of patients at 6 years 
is small..A comparison of Figures 2 and 3 shows 
that in both the surgical and medical subsets of 
patients with three-vessel disease, the presence 
of normal LV function greatly enhances 4-year 
survival 

Figures 4 and 5 present life tables for patients 
with two-vessel disease. For both subsets— 
patients with a normal and those with an ab- 
normal -eft ventricle—survival in the surgical 
cohort was better, but the difference in survival 
is less when there is a normal left ventricle. In 
the presence of abnormal LV function, the 93% 
survival in the surgical cohort has extended to 6 
years. The difference became apparent at 2 
years and persisted at 4 years. 
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For patients with single-vessel disease, there 
was no difference in survival between the 
medically and surgically treated groups, both 
being approximately 98% at 4 years. Reasons 
for operating on patients with single-vessel 
disease depend on considerations other than 
survival. Obviously, the size and distribution 
of an individual vessel are factors in the deci- 
sion. 


Comment 

Studies on survival following coronary bypass 
operation have been flawed by the fact that sur- 
geons, anxious to prove the efficacy of their 
procedure, compared operative intervention in 
the 1970s with medical therapy of the 1960s. 
These retrospective studies were asynchronous, 
and there is little doubt that the comparison 
does not consider the advances in medical ther- 
apy made in the 1970s. Until the VAC Study, 
surgeons often compared their results with 
those of Webster and co-workers [4]. 

Medical therapy has changed, and the excel- 
lent results of medical therapy obtained in the 
VAC Study have rekindled the debate over sur- 
vival. The randomized prospective study may 
be held as the paragon of scientific truth. How- 
ever, such studies are not without flaws, as 
pointed out by Hurst and associates [1] in 1978. 
In the VAC report, the study of chronic stable 
angina is flawed mainly by the 17% of patients 
who were changed from medical to surgical 
therapy. If these patients were those with the 
greatest angina, and hence the most precarious 
ischemia, removing them from the medical 
therapy cohort could account for increased sur- 
vival in this cohort and thus lessen the differ- 
ence in survival between medical and surgical 
therapy. Should these crossovers be consid- 
ered failures of medical therapy? Three other 
factors in the VAC Study are cause for concern: 
its surgical group had a somewhat elevated 
operative mortality (5.896), 1296 of patients had 
all grafts closed, and the incidence of peri- 
operative infarction was 1896. These facts com- 
bined with the high crossover from medical to 
surgical therapy lead to a high survival in the 
medical group, obscuring the differences be- 
tween therapies and causing them to emerge 
only later in the study. 


Since these factors may have distorted the re- 
sults of the VAC Study, we decided to use its 
demographic criteria to observe the results of 
our surgical therapy during the same period, a 
synchronous study. This study is obviously not 
perfect, but the important survival comparisons 
involved identical subsets with respect to 
number of vessels diseased and normal or ab- 
normal ventricular function; for example, pa- 
tients with triple-vessel disease and an abnor- 
mal left ventricle in the surgical group were 
compared with similar patients in the medical 
group. 

The mortality for all patients undergoing 
coronary bypass and operated on by the same 
surgeon at St. Luke's Hospital, including out- 
side referrals and patients having vein bypass 
plus valve procedures or any procedure in- 
cluding a coronary bypass was 1.296 (5 out of 
423 patients). The additional 194 patients re- 
ferred to us were not included in the surgical 
cohort of 229 since they were not catheterized at 
St. Luke's Hospital and the catheterization data 
were not entered into the computer. Even if 
those patients were included, there would 
be no significant change in survival curves. 
Limiting the cohort to those studied at St. 
Luke's Hospital ensured a uniform interpreta- 
tion and recording of data from ventriculo- 
grams and angiograms that enhanced the repro- 
ducibility of results. 

The definition of LV dysfunction is impor- 
tant. We consider the second of three criteria 
that the VAC Study employed as being most 
reproducible (see Table 2). Single-projection 
ejection fraction is not an accurate determina- 
tion and could well underestimate ejection 
fraction if left anterior oblique projection is not 
performed. Selecting 4596 as the lower limit of 
normal for ejection fraction is liberal in declar- 
ing a left ventricle abnormal. Also, declaring a 
left ventricle abnormal when the LVEDP is 
greater than 14 mm Hg is also liberal since 
that measurement can be subject to many vari- 
ables about the time of catheterization. Abnor- 
malities seen on ventriculography can be uni- 
formly applied by experienced observers, and 
we believe that the slightly greater percentage 
of patients with an abnormal left ventricle in 
the medical cohort of the VAC Study could be 
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due chiefly to the more liberal criteria for ab- 
normality. 

The cumulative cohort analysis is not that re- 
vealing, but it does establish some of the overall 
characteristics of both groups and demonstrates 
increased longevity in the surgically treated 
group, despite a 17% incidence of crossover 
from the cohort undergoing medical therapy. 
The subsets all demonstrate that longevity in 
the surgical cohort is greater than in the 
medical cohort even though it is less distinct in 
patients with two-vessel disease. One in- 
teresting point is that patients with a normal 
left ventricle and two- or three-vessel disease 
have excellent long-term survival to at least 6 
years with surgical therapy. This statistic reem- 
phasizes the point that survival is more de- 
pendent on ventricular function than on the 
number of vessels diseased. 

Most informative is Figure 3 showing that in 
patients with triple-vessel disease and an ab- 
normal left ventricle, the 4-year and 6-year sur- 
gical cumulative survival is impressive com- 
pared with the 4-year cumulative survival in 
the medical therapy cohort. The two cohorts are 
identical and provide further evidence con- 
cerning the increased survival with surgical 
therapy in patients with triple-vessel disease 
and a normal or abnormal left ventricle. Survi- 
val of the medical cohort at 5 and 6 years will be 
interesting, and if the trends continue, the dif- 
ference should be exaggerated further with 
time. 


Summary 
Based on the criteria of the VAC Study, a syn- 
chronous (1972 to 1974) surgical cohort of 229 


patients with similar demographic and LV 
function characteristics was compared in terms 
of survival with the medical cohort of 310 pa- 
tients from the VAC Study. The survival of pa- 
tients who had surgical therapy was superior in 
the entire group. The subsets of patients with 
three- and 2-vessel disease and normal and ab- 
normal LV function also revealed that survival 
of the surgical cohort at 4 and 6 years was 
greater than that of the medical cohort at 4 
years. Ihe presence of normal LV function led 
to greetest surgical survival at 4 and 6 years, 
emphasizing that LV function is the most im- 
portan: determinant of long-term survival after 
coronary bypass operation. 

The survival data of this synchronous study 
suggest strongly that three-vessel disease in the 
presence of a normal or abnormal left ventricle 
can be added to the indications for coronary 
bypass. operation. Although less striking, sur- 
vival for patients with two-vessel disease and 
normal or abnormal LV function is more favor- 
able with surgical therapy. 
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Late Coronary Bypass Graft Flow: 
Quantitative Assessment by Roentgendensitometry 


Daniel Weisz, M.D., Robert I. Hamby, M.D., Agop Aintablian, M.D., 
Choudary Voleti, M.D., Rita Fogel, R.N., and B. George Wisoff, M.D. 


ABSTRACT Quantitative assessment of the flow in 
45 saphenous vein aortocoronary bypass grafts in 30 
patients was performed by a roentgendensitametric 
technique. Details of the technique are given. 

Mean graft flow for all grafts measured in the 
early postoperative period (two weeks) and again in 
the late postoperative period (six months to 3 years; 
average, 1.5 years) significantly decreased (72.6 + 
34.7 to 57.4 + 28.6 ml/min; p < 0.01). Mean graft 
diameter also significantly decreased over the same 
period (3.5 + 0.6 to 3.0 + 0.6 mm; p < 0.01). Dif- 
ferences could not be related to graft site or to the 
time interval between early and late recatheteriza- 
tion. Changes in diameter did not correlate with 
changes in flow. During a 3-year follow-up, saphe- 
nous vein grafts significantly decreased in diameter 
and flow but still functioned adequately; and vein 
grafts generally remained larger than the recipient 
arteries. The determinant of adequacy of flow is the 
native coronary bed. 


Aortocoronary bypass grafting is an accepted 
approach for symptomatic coronary artery 
obstructive disease and may well prolong life. 
Recent serial angiographic studies have pro- 
vided information regarding morphological 
changes and patency rates in grafts and recip- 
ient coronary arteries along with clinical corre- 
lations during follow-up periods up to 7 years 


[4, 7-9, 13]. Anatomical studies have revealed . 


details of the histological changes in grafts at 
various postoperative times [2, 3, 10, 15]. How- 
ever, there is an absence of information of a 
quantitative nature on the functional status of 
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coronary artery bypass grafts during the late 
postoperative period. 

The present study was designed to evaluate 
the postoperative coronary bypass graft flow, 
early and late, in an unselected group of pa- 
tients by roentgendensitometric methods based 
on the transit time of radiopaque medium along 
the graft and mean graft diameter. No similar 
study in humans has been reported. 


Methods 
The present study is based on the analysis of 45 
grafts in 30 patients operated on during the pe- 
riod 1971 to 1977. During this interval, 937 pa- 
tients underwent aortocoronary bypass graft- 
ing. There were 13 operative deaths (1.4%). Just 
before discharge (ten to fourteen days after op- 
eration) and after giving informed consent, 570 
patients (60.8%) underwent repeat arteriog- 
raphy to establish the patency and morphology 
of the grafts. At Long Island Jewish-Hillside 
Medical Center, this initial study is a routine 
procedure performed as part of the complete 
evaluation of the patient in preparation for dis- 
charge. Long-term follow-up arteriographic ex- 
amination at six months to 3 years (mean, 1.5 
years) was performed as an evaluation of chest 
pain in 24 patients or as part of a study of late 
results of bypass operation in 6 asymptomatic 
patients. Surgical methods and diagnostic 
techniques were described previously [1, 5]. 
Intraoperative flows were recorded with a 
Statham electromagnetic flowmeter. 
Arteriographic studies were performed in 
multiple projections, which included 60-degree 
right anterior oblique, 45-degree left anterior 
oblique, and left lateral projections. Cinean- 
giograms were taken with a 35 mm camera at 60 
frames per second while 1 to 2 ml of 7596 
sodium meglumine diatrizoate was power- 
injected over one second. When the selective 
cineangiogram was completed, a grid of known 
dimensions was positioned at the approximate 
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location of the left ventricle and a short filmstrip 
made to permit correction of errors due to mag- 
nification. 

Blood flow in the bypass graft was deter- 
mined by cinedensitometric methods similar to 
those described by Rutishauser [12], Smith [14], 
and their colleagues. In this technique, the flow 
measurement is determined from a pair of indi- 
cator dilution curves at two separate points (S, 
and 52) along the bypass graft. From two such 
curves, the mean transit time between points 5, 
and S, can be determined. When the distance 
between the two points and the mean diameter 
of the vessel are known, flow is determined by 
the following equation: 


Q = (di2Y x m x AS/At x 60 


where Q — flow in milliliters per minute, d — 
mean graft diameter in millimeters, AS = dis- 
tance in millimeters between points S, and S,, 
and At — mean transit time in seconds between 
5; and $,. This method does not require knowl- 
edge of the amount of contrast medium or the 
concentration of medium injected in absolute 
units. The method is valid only if there are no 
branches between the two indicator dilution 
points. 

A Quantiment 720 image-analyzing com- 
.puter system (Imanco) incorporated with a 
Tagarno cine projector and a 9830 Hewlett- 
Packard software system was utilized for re- 
cording the indicator dilution curves at two 
separate points in the distal third of the bypass 
graft and to obtain mean vessel diameters. In 
this system, a high-resolution vidicon camera, 
using a 720-line, noninterlaced scan raster and a 
scan rate of 10.6 frames per second, optically 
couples a densitometric system to the cine pro- 
jector. Each scan line is digitized into approxi- 
mately 1,000 picture points. Only features 
within a variable frame or detecting window 
are processed. In this study, a window was 50 
by 20 picture points, and, depending on the 
magnification factor, 1 picture point is equiva- 
lent to 0.15 mm. The moving graft is automati- 
cally tracked and centered in this window from 
cine frame to cine frame between 5, and 5, by 
the 9830 Hewlett-Packard software system. The 
density value of the centered graft over time is 
determined at S, and stored. Following analysis 


of "n" cine frames, two dye dilution curves 
from S, and S, at a distance AS are inscribed 
on an X-Y plotter simultaneously with the inte- 
gral of each curve in order to determine the 
differences between the mean circulation times 
of the two indicator dilution curves (At). Simi- 
larly, by adjusting the window over the area of 
interest in the vessel, the sum of all video pic- 
ture points indicated by the densitometer to be 
contrasi-filled graft can be converted to an area 
value that, when divided by the known height 
of the window, will give the mean graft diame- 
ter. In like manner, the diameter of the native - 
vessel adjacent to the graft anastomoses was 
determined. There was no significant dif- 
ference in heart rate or mean aortic pressure at 
the time of the two angiograms. Twenty-two 
left anterior descending (LAD), 14 right (RCA), 
and 9 zircumflex (Circ) coronary artery grafts 
were evaluated. 

Results are expressed as the mean + one 
standa-d deviation, with statistical comparison 
between initial and follow-up studies deter- 
mined with a Student paired f test. 
Results ^ 
Clinical variables and results in this group of 
patiern's selected because they had at least 1 
patent graft at early postoperative and late post- 
operat:ve repeat catheterization show no obvi- 
ous scurce of bias and demonstrate expected 
clinica. results (Table 1). 

Intreoperative flows recorded by electro- 
magnetic flowmeter and flows measured by 
roentgen techniques approximately two weeks 
postcreratively are significantly different and 
appear to be related only randomly (Fig 1). For 
the LAD grafts, intraoperative flow was 102 + 52 
ml/min and early postoperative flow was 79 + 
45 ml/min. For the RCA grafts, intraoperative 
flow was 81 + 45 ml/min and early postopera- 
tive flow, 64 + 31 ml/min. For the Circ grafts, 
intraoperative flow was 82 + 43 ml/min and 
early postoperative flow, 70 + 26 ml/min. 

Mezn graft diameter and mean graft flow 
meastred at intervals of six months to 3 years 
(mean, 1.5 years) postoperatively by roent- 
gen techniques decreased approximately 2096. 
There were no significant differences in pulse 
rate o7 in mean aortic pressure between the two 
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Table 1. Group Profile and Summary of Results 


Summary of Series No. Percent 
Total patients 30 NA 

Men 26 87 

Women 4 13 
Age (yr) 

Mean 54 NA 

Range 38 to 67 NA 
History of infarction 15 50 
Unstable angina 7 23 
Grafts performed/late 55/45 2% 

patency 

LAD 29/22 76 

RCA 14/14 10C 

Circ 12/9 75 
Results of operation at 

late follow-up 

NYHA Class I 19 63 

NYHA Class II 8 27 

NYHA Class III 2 6 

Died 1 3 

Repeat bypass 1 3 


NA = not applicable; LAD = left anterior descending coro- 
nary artery; RCA = right coronary artery, Cire = circumflex 
coronary artery; NYHA = New York Heart Association. 


catheterization studies. The early postoperative 
diameter of the LAD grafts was 3.4 + 0.6 mm 
and the late postoperative diameter, 3.0 + 0.6 
mm. For the RCA grafts, the early diameter 
was 3.5 t+ 0.6 mm and the late diameter, 2.9 + 
0.6 mm. The early diameter of the Circ grafts 
was 3.5 + 0.6 mm and the late diameter, 2.8 + 
0.6 mm. The early flow for the LAD grafts was 
79 + 45 ml/min and the late flow, 67 + 30 ml/ 
min. For the RCA grafts, early flow was 64 + 31 
ml/min and late flow, 42 + 17 ml/min, and for 
the Circ grafts, early flow was 70 + 26 ml/min 
and late flow, 57 + 29 ml/min. Mean graft 
diameter for all grafts decreased from 3.5 + 9.6 
to 3.0 + 0.6 mm and flows, from 72.6 + 34.7 to 
57.4 + 28.6 ml/min (p « 0.01). The ratio be- 
tween the graft diameter and the diameter of 


the adjacent coronary artery remained greater 
than 1:1 in all instances except one. The 


diameter ratio significantly decreased with time 
(mean graft diameter decreased; coronary artery 
diameter did not). 


Comparison of graft diameter and graft flow, . 


early and late, exhibited random association 
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Fig 1. Relationship between electromagnetic flows and 
flows obtained by the roentgen method for each graft. 
The straight line indicates the point at which intraoper- 
ative (OR) flow equals early postoperative flow. Note 
the wide scatter around this line. (LAD — left anterior 
descending coronary artery; RCA = right coronary ar- 
tery; CIRC — circumflex coronary artery.) 
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Fig 2. Relationship between graft size and early graft 
flow (roentgen method). Note the random scatter. (Ab- 
breviations same as for Figure 1.) 


(Figs 2, 3). Analysis of change in graft flow ver- 
sus change in graft diameter also was done. 
Again, there was no correlation (Fig 4). 

Table 2 presents the relationship between the 
time interval of the two postoperative studies 
and graft diameter, and Table 3 shows the re- 
lationship between the time interval and graft 
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Fig 3. Relationship between graft size and late post- 
operative flow (roentgen method). Again note the ran- 
dom scatter. (Abbreviations same as for Figure 1.) 
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Fig 4. Relationship between change in flow and in 
diameter (roentgen method) for each graft. In general, a 
decrease in diameter correlates with a decrease in flow. 
(Abbreviations same as for Figure 1.) 


flow. No significant further decrease in either 
graft diameter or graft flow appears to occur 
with time. 

Typically, late follow-up graft angiography 
with flow determination by videodensitometry 
reveals foreshortening of the graft and more or 
less uniform narrowing of the graft so that graft 
diameter more nearly approximates recipient 
coronary artery diameter. There is an accom- 
panying decrease in graft flow. These changes 


do not appear to be progressive after the first 
year anc are unrelated to the vessel grafted. 


Commeat 
Unlike other methods for determining flow in 
absolute units (milliliters per minute), roent- 
gendensitometric techniques do not require 
direct eccess to the vessel under study. It is 
possible to obtain flow measurement through 
any unbranched vessel of relatively uniform 
diameter that can be clearly outlined by angiog- 
raphy. Thus, roentgendensitometry is suitable 
for the study of coronary artery bypass grafts in - 
humans since it entails only the risk of an- 
giocarciography and is ethically repeatable. 
Measurements obtained have been shown to be 
closely correlated with volumetric determina- 
tions in in vitro experiments utilizing a model 
circula-ion [6]. In vitro studies in our laboratory 
at the Long Island Jewish-Hillside Medical 
Center have confirmed that in plastic tubes 
similar in diameter to the human saphenous 
vein tnere is excellent correlation for flows of 
less than 150 ml/min. Flows greater than this 
tend :o be underestimated by angiographic 
techniques. Determination of flow in a vein 
bypass graft is ideally suited to this technique 
since the saphenous vein graft generally has a 
uniform diameter with a relatively straight 
length which the computer program can easily 
follow, has no branches in our technique, and 
has flows of a magnitude in which this tech- 
nique appears to be accurate. 
Ciredensitometric determination of flow is 
dependent, however, on obtaining good qual- 
ity cineangiography. This is necessary for accu- 
rate measurement both of indicator dilution 
curves and of graft and coronary vessel diame- 
ters, the two values needed to calculate flow. 
One of the major problems with cineden- 
sitometry is the influence of background den- 
sity on the measurement of flow. Contrast 


. medium in a vessel over a high background 


density shows a different change in total field 
density compared with low background den- 
sity. altering the indicator dilution curve. For 
this reason, variations in background density 
alor.g the course of a vessel affect the accuracy 
of flow determinations. This can be circum- 
vented by a variety of methods [12, 14]. In the 
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Table 2. Relationship between Time Intervals and Graft Diameter 











Interval Initial Mean Follow-up 

between Graft Graft 

Studies No. of Diameter Diameter Percent 
(yr) Grafts (mm) (mm) Change 
Up tol 9 3:9 24 «22.9 
1to2 19 3.6 2.9 —19.4 
2 17 3.3 2.8 —15.0 
Table 3. Relationship between Time Intervals and Graft Flow 

Interval Follow-up 

between Initial Mean Mean 

Studies No. of Flow Flow Percent 
(yr) Grafts (ml/min) (ml/min) Change 
Up to 1 9 86 61 —29 
1to2 19 62 50 ~19 

2 17 76 64 EIS 


present study, several cardiac cycles were ob- 
served prior to graft opacification, and only 
those studies exhibiting areas of uniform back- 
ground density were utilized for flow mea- 
surement. Rutishauser and colleagues [11], 
using low volumes of injectant as we did in this 
study, demonstrated good agreement for flow 
measured by roentgen techniques in dogs com- 
pared with electromagnetic flowmeter determi- 
nations. It would appear that the injection of 
contrast medium under appropriate conditions 
does not alter coronary blood flow significantly. 
The random relationship between saphenous 
graft flows recorded intraoperatively by elec- 
tromagnetic flowmeters and postoperatively by 
roentgen techniques is not unexpected. The 
physiological conditions (e.g., anesthesia, open 
chest, medications) at the time of flow studies 
were obviously not comparable. As determined 
by roentgendensitometry under comparable 
clinical conditions, at least as determined by 
pulse rate and mean aortic pressure, graft 
diameter decreases an average of 1796 between 
the early postoperative period and a later date. 
There was no evident relationship between 
changes in graft diameter and the native vessel 
grafted, and mean graft diameter/coronary ar- 
tery diameter ratio remained greater than 1:1 in 


all but 1 graft. The reduction in graft diameter 
does not appear to be progressive since there 
was no increase in percent luminal reduction as 
the time interval between studies increased. 
This agrees with the observations of Lawrie and 
co-workers [8], who found no evidence of pro- 
gressive reduction in graft caliber after twelve 
months. 

To correlate this information, it would appear 
that intimal fibrosis and proliferation proceed 
to the extent that graft diameter approximates 
recipient coronary artery diameter. Only rarely 
(1 graft of 45 in this series), at least during a 
3-year period, does this proceed to an unfavor- 
able graft diameter/coronary artery diameter 
ratio of less than 1:1. The change in graft 
diameter is accompanied by a similar change in 
graft flow. Because the mild to moderate reduc- 
tion in graft diameter rarely causes an unfavor- 
able diameter ratio, the flow remains greater 
than 50 ml/min in 6096 of grafts. 

During a 3-year follow-up, the saphenous 
vein graft is not the limiting resistance to revas- 
cularized coronary flow. Since the absolute 
graft diameter and flow as well as the change in 
graft diameter and change in graft flow have 
random association, we assume that the flow 
and change in graft flow depend on recipient 
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coronary bed impedance. Thus, over the 
long-term there is clearly a reduction in graft 
diameter and flow, which appears not to pro- 
gress with time after the first year, but which 
must still cause concern about the long-term 
fate of saphenous vein aortocoronary bypass 
grafts. 
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Discussion 

DR. HOSSEIN NARAGHIPOUR (Cleveland, OH): At St. 
Vincen-’s Charity Hospital in Cleveland, we have 
employed a similar technique developed by my as- 
sociate, Dr. Kay, in 1968, and described in a paper 
presented to this Society in 1974. 

We have studied postoperative flow by this tech- 
nique a: 1 to 9 years after operation in more than 100 
patients having both internal mammary artery and 
saphenous vein bypasses. Initial evidence indicates 
that 66% of internal mammary artery bypasses. 
showed an average of 0.4 mm increase in diameter, 
30% showed no change in diameter, and 4% showed 
a decrease in diameter. In respect to the flow of 
internal mammary artery bypasses, 75% had increase 
of flow ‘an average of 25% from the earlier catheteri- 
zation), 21% showed no significant change in flow, 
and 4% showed a decrease in graft flow. Those 
bypasses with reduction in flow had progression of 
arterics-lerosis distal to the bypass compared with 
the earlier postoperative catheterization. In no pa- 
tient was an internal mammary artery bypass that 
was functioning at the first catheterization found 
occluded at the second postoperative catheterization. 

In ou- experience, a bypass, be it a saphenous vein 
or internal mammary artery, that has a diameter of 3 
mm is still larger than coronary arteries to which it 
has been anastomosed. Therefore, restriction to flow 
is from che distal coronary artery bed rather than the 
graft itself. 

I would like to ask the authors how many of the 24 
symptomatic patients studied had new lesions distal 
to the bypass anastomosis or involvement of vessels 
not involved at the initial examination. 

DR. GERALD M. LAWRIE (Houston, TX): I also want to 
compliment the authors on their work with another 
useful way of assessing such patients noninvasively. 
I would like also to sound a note of reassurance. The 
patholozical process responsible for graft narrowing 
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is well documented up to 10 years postoperatively in 
our experience. It involves intimal proliferation, 
which is a migration of smooth muscle cells from the 
media into the intima and appears to be initiated by 
platelet and plasma factors. This process produces a 
30 to 50% narrowing in the graft from three months 
to 1 year after operation and thereafter uncergoes 
progressive maturation. When we look at grafts 7 to 
10 years after operation, the smooth muscle cells have 
been almost entirely replaced by fibrous tissue. 

The other significance of this change is that it is a 
precursor of atherosclerosis. Atherosclerosis does 
occur in vein grafts with an incidence of 1% per 
annum mainly in hyperlipidemic patients. It invari- 
ably is preceded by the development of intimal pro- 
liferation. This is rather similar to the sequence of 
events that occurs in arteries. 


Intimal proliferation is universal; it cannot be 
avoided by the use of blood to prepare the vein. In 
fact, we believe that because of the etiology of inti- 
mal proliferation, the use of blood is contraindicated. 

Based on our studies, we prefer to use a somewhat 
larger vein from the thigh rather than the small vein 
from the leg because of the predictable narrowing 
that occurs. 


DR. WEISZ: I would like to thank both discussants for 
their kind remarks. In answer to Dr. Naraghipour, I 
do not have the exact numbers. We have found that 
our graft closure rate runs about 396 a year. I want to 
emphasize that 24 of the 30 patients were studied 
because of chest pain. We did not believe that all had 
angina. 


Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery now 

requires that candidates pass both the written 

and oral portions of the certifying examination. 
In 1980 and thereafter, a written examination 


will be given prior to the oral examination. It 


will be necessary to pass the written examina- 
tion before the oral examination can be taken. 


The closing date for registration for 1981 is Au- 
gust 1, 1980. The exact times and places of these 
examinations will be announced later. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Road, Detroit, MI 48205. 


Prospective Analysis of Heart 
Biopsies in Coronary Artery Surgery 


Tomas A. Salerno, M.D., Santosh M. Wasan, M.B.E.S., 


and Edward J. P. Charrette, M.D. 


ABSTRACT Ina prospective analysis of 36 biopsies 
from human hearts performed at the time of elective 
coronary operation, several morphological changes 


were identified in the myocardium. Some of these 


changes (fibrosis, vacuolation, edema, and amyloid 
deposition) are of clinical significance and may af- 
fect the long-term prognosis for patients undergoing 


revascularization procedures. It appears, therefore, 


that knowledge of the morphological state of the 
myocardium at the time of operation can prove use- 
ful in elucidating further the long-term effects of 
coronary artery bypass on the left ventricular 
myocardium. 


. The purpose of this study was to develop a 
simple and safe method of performing a trans- 
mural myocardial biopsy and to evaluate pro- 
spectively the value of routine heart biopsy per- 
formed at the time of a coronary operation. 


Material and Method 

Thirty-six consecutive patients undergoing 
elective coronary artery bypass grafting (CABG) 
were selected for the study. There were 33 men 
and 3 women ranging in age from 35 to 64 years 
(mean, 51 years). Triple CABG was done in 30 
patients and involved the left anterior de- 
scending coronary artery (LAD), right coronary 
artery (RCA), and obtuse marginal (OM) 
branch; double CABG was done in 5 patients 
and involved the LAD and RCA in 3 and the 
OM in 2; and single CABG to the LAD was 
done in 1 patient. Twenty patients were 
thought to have normal hearts clinically; 10 
patients had had a previously documented 
myocardial infarction, and 6 patients had radi- 
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ological and electrocardiographic evidence of 
cardior-egaly. 

The disposable Tru-cut biopsy needle from 
Traven3l (Fig 1) was successfully used in 10 pigs 
under -onditions simulating cardiopulmonary 
bypass CPB)in humans. The needle was tested 
next in 3 cadaver hearts. Full-thickness myo- 
cardial samples measuring 0.1 by 1.7 cm were 
obtained (Fig 2). Two biopsies were taken: one 
from tF.2 apex and one from the anterior wall of 
the lef= ventricle (LV). The biopsy site was 
closed with superficial epicardial sutures of 4-0 
Prolene 

After these tests, the biopsy needle was used 
in à cHnical experience. At the start of nor- 
mothermic CPB and before cardioplegic arrest, 
a full-thickness biopsy was taken from the apex 
of the .V. The aorta was then cross-clamped 
and cardioplegic solution, 5 ml per kilogram of 
body weight, was infused. The cardioplegic 
solution consisted of 500 ml of lactated Ringer's 
solution, 10 mEq of potassium chloride, 12.5 
mEq c= sodium bicarbonate, 12 ml of 2% 
Lidocaine (lidocaine hydrochloride), 17 ml of 
50% cextrose, and 125 mg Solucortef (hy- 
drocort.sone sodium succinate); pH, 7.7; £C. 
All of the distal anastomoses were performed 
during a single cross-clamp period. Before the 
aorta was unclamped, the second biopsy was 
taken =-om the anterior wall of the LV (mean 
cross-clamping period, 48 minutes). If any visi- 
ble scars or abnormalities were noted in the LV, 
the biopsy was taken from normal-looking 
myoca-dium. 


Results 
There was no mortality in this series, and no 
complizations related to the biopsy technique 
develo2ed. There was postoperative bleeding 
in 1 patient, who required reoperation. The 
bleeding occurred at the aorta-saphenous vein 
anastcraosis. 

Of the 20 patients who appeared to have 
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Fig 1. Disposable Tru-cut biopsy needle used in all pa- 
tients. Note the cutting groove of this needle (inset). 


normal hearts before and during operation, 
only 10 (50%) had entirely normal myocardial 
biopsies (Table). The remaining 10 patients 
were found to have myocardial fibrosis (2 pa- 
tients), nuclear variability (8 patients), cellular 
edema (3 patients), amyloid deposition (1 pa- 
tient), and pericarditis (1 patient). This finding 
indicates that although patients with angina 
may have no documented history of other heart 
disease, 50% of them may have a myocardial 
abnormality that is detected at operation. By 
documenting the pathological process it may be 
possible to understand better the ultimate re- 
sult of operation for a particular patient in terms 
of improvement or deterioration. 

Of the 10 patients who had had a previous 
myocardial infarction, only 2 (20%) had normal 
biopsies. At operation, scars were noted in the 
anterior wall of the LV in those 2 patients, as 
suggested by the electrocardiogram. The biop- 
sies were, therefore, taken from the lateral wall. 


Fig 2. Core of tissue obtained with the biopsy needle. 
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The myocardial morphology was found to be 
normal, indicating that the ischemic process 
was localized to the anterior wall and did not 
exten laterally. 

In -he remaining 8 patients with electrocar- 


. diographic evidence of myocardial infarction 


(anterior wall in 5 and inferior wall in 3 pa- 
tients), subendocardial and interstitial fibrosis 
was found in 6 in areas that appeared normal by 
gross inspection and electrocardiogram. This 
indicetes that the ischemic process was more 
extensive than was anticipated clinically. In 1 
patiert, active pericarditis was found but the 
myocerdium appeared normal despite electro- 
cardiographic evidence of previous myocardial 
infarction. 

Nudlear variability was found in all 6 patients 
who vrere thought preoperatively to have car- 
diomezaly. Subendocardial fibrosis was pres- 
ent in 2 of these patients, indicating that some 
degree of myocardial damage had occurred and 
was nct detected clinically. 


Comment 

The effect of CABG on left ventricular function 
is under investigation at the present time. 
Knowledge of the preoperative hemodynamics 
and the state of left ventricular function has 
prognostic value in coronary artery disease [5, 
13]. Recent work suggests that the study of 
intraoperative flow and flow distribution at the 
time of operation may eventually add to our 
knowledge of the effects of CABG on left ven- 
tricular performance [14]. Factors other than the 
CABG itself (changes in preload, afterload, and 
contractility) have been shown to affect myo- 
cardial function following CABG [1, 2, 13]. It 


-1 Ants ! 4 
n y Las r 
; 9. ua 
* re a », 
ig ` 


4 7$. 
Ne 


3 d 5 . Ua S 
pe P. A 
+ T UN 
M ^ Jj Wal 3 Y ES P 
+ “a 
: c» te 
J Ets "AE 
Í : » 4, * 
IET ex MAS i e 
4 ^ UN. i É 7 
i o TM Y 


438 The Annals of Thoracic Surgery Vol 28 No 5 November 1979 


Correlation of Clinical Findings with Intraoperative Myocardial Biopsy 


Myo- 

Clinical No. of cardial 
Finding Patients Normal Fibrosis 
Normal 20 10 2 

hearts . 
Myocardial 10 2 6 

infarction 

. Cardiomegaly 6 1 2 
(radiological) 


would appear that the morphological state of 
the myocardium at the time of operation might 
be an important determinant of the patient's 
prognosis and improvement following revas- 
cularization. For example, impairment in left 
ventricular performance due to ischemia alone 
would probably be improved with a successful 
CABG [4, 6, 9, 11, 12], whereas changes such as 
fibrosis or amyloid deposition would have a 
long-term adverse effect on myocardial func- 
tion. This would explain the observed deterio- 
ration that may occur following CABG despite 
patent grafts [8, 15]. 

Although endomyocardial samples can be 
easily obtained through the percutaneous route 
[3, 7, 10], the tissue may not be representative 
of ongoing processes in the other layers of the 
heart. Techniques using the Silverman needle 
[16], the Menghini needle [17], and the Dobell 
biopsy gun* have been used with success to 
obtain a through-and-through sample of the 
LV. The Tru-cut biopsy needle has met the cri- 
teria of simplicity and safety. In our continuing 
experience of more than 100 patients from 
whom biopsies have been taken, no complica- 
tions have been encountered. 

Pathological studies of these biopsies from 
36 hearts have revealed interesting findings 
under light microscopy; a prospective study is 
underway to evaluate them by electron- 
microscopy in order to supplement the present 
findings. Some of these morphological changes 
might merely indicate ischemia (vacuolation or 
edema) or varying degrees of myocardial hy- 


*Unpublished data, 1972. 


Biopsy Findings 
Nuclear Amyloid 
Vari- Vacuo- Depo- Peri- 
ability lation Edema sition carditis 
8 v 3 1 1 
7 3 6 Ü 1 
6 1 1 0 0 


pertrophy (nuclear variability). Other changes, 
however, appear to be indicative of more severe 
pathc-ogical processes within the myocardium 
(amy-oid deposition or focal, diffuse, or suben- 
docardial fibrosis), which may, in the long term, 
have an adverse effect on left ventricular perfor- 
mance and on longevity. The information ob- 
tained by routine heart biopsy at the time of 
operation can also lead to a better understanding 
of the natural history of cardiac diseases. 

In conclusion, in a series of 36 consecutive 
patients undergoing CABG procedures for an- 
gina, a variety of morphological changes has 
been identified in the myocardium. Evaluation 
of the effects of CABG on left ventricular per- 
formance will inevitably have to consider the 
morphological state of the heart at the time of 
opezation. It is suggested that biopsies be taken 
from all hearts at the time of CABG in order to 
better predict the patient's prognosis, to better 
uncerstand the natural history of the cardiac 
disease, and to explain cardiac deterioration 
that may occur following what was thought to 
be successful surgical intervention. 
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The Treatment of Postperfusion Bleeding 


Using e-Aminocaproic Acid, 


Cryoprecipitate, 


Fresh-Frozen Plasma, and Protamine Sulfate 


Cary J. Lambert, M.D., Alain J. Marengo-Rowe, M.D., 
James E. Leveson, Ph.D., Robert H. Green, M.D., J. Peter Thiele, M.D., 
Gerald F. Geisler, M.D., Maurice Adam, M.D., and 3en F. Mitchel, M.D. 


ABSTRACT The evaluation of excessive hemor- 
rhage was carried out in 774 patients after car- 
diopulmonary bypass. Excessive hemorrhage was 
defined in any adult patient as chest tube drainage of 
more than 600 ml within the first eight hours after 
operation. Using the prothrombin time, partial 
thromboplastin time, fibrinogen level, and tri-F titer 
tests, it was possible to differentiate medical from 
surgical bleeding. Hyperfibrinolytic bleeding was 
the most frequently identifiable coagulation disorder 
and occurred in 159 patients (20%). All these pa- 
tients were successfully treated with Amicar (e- 
aminocaproic acid) alone, or with Amicar supple- 
mented with cryoprecipitate or fresh-frozen plasma. 
Three patients (0.4%) were noted to have residual 
heparin and required additional protamine sulfate. 
Five patients (0.6%) had normal coagulation studies 
and required immediate reexploration. The overall 
blood consumption per patient was 2.1 units of 
packed cells. Whole blood and platelets were not 
used. 


The diagnosis and management of patients 
with excessive hemorrhage after cardiopulmo- 
nary bypass can be problematical. In general, 
more advanced hemorrhagic problems develop 
in these patients than in patients with classic or 
inherited bleeding disorders, and the diagnosis 
is more difficult to establish. Postperfusion 
hemorrhage presents a complex situation in- 
volving surgical as well as nonsurgical factors, 
and sometimes both. The need for reexplora- 
tion has been high and often the cardiac sur- 
geon has been confronted by untidy, general- 
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ized oozing, which is both frustrating and 
difficult to control. 

In ancther report we [11] define what could 
be regarded as normal blood loss after a bypass 
operation and correlate specific blood coagula- 
tion tests with excessive bleeding. Abnormal or 
excessiv2 bleeding is defined as chest tube 
drainage exceeding 600 ml in an adult patient 
within the first eight hours after open-heart op- 
eration. Using a combination of the prothrom- 
bin time (PT), partial thromboplastin time 
(PTT), fibrinogen level, and tri-F titer (TFT), it 
was possible to categorize any hemorrhagic 
tendency into five distinctly treatable entities. 
These ere as follows: (1) hyperfibrinolysis, 
compensated; (2) hyperfibrinolysis, uncom- 
pensated, with hypofibrinogenemia and other 
coagulation factor deficiencies; (3) unneu- : 
tralized heparin or heparin rebound; (4) surgi- 
cal bleeding, and (5) combinations of these. 

The purpose of this communication is to de- 
scribe how each patient who bleeds excessively 
after bypass can be appropriately diagnosed 
and treated. 


Material and Methods 
A group of 774 consecutive patients undergoing 
cardiopulmonary bypass operation were sur- 
veyed. The operation was done by one or more 
of a grcup of five established, cardiovascular 
surgeons. No patient was included in the study 
until an experience of 250 patients had been 
accomplished. This was done in order to ex- 
clude conditions that might be attributable 
either tc technical or to learning differences [7]. 
During cardiopulmonary bypass, a bloodless 
prime, a bubble oxygenator, and a roller pump 
at moderate to hypothermic levels were used, 
complemented by cooling with topical saline 
solutior with or without hypothermic root car- 
dioplez-a. The pump prime consisted of two 
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liters of lactated Ringer’s solution to which 
6,000 units of heparin were added [2-4]. Sys- 
temic heparinization consisted of 300 units per 
kilogram of body weight initially, followed by a 
further 50 units per kilogram given every 30 
minutes on bypass. Throughout the operation, 
heparin levels were monitored at 30-minute 
intervals and measured by an actual plasma 
heparin assay procedure [5]. At the termination 
of bypass, heparin was neutralized with a dose 
of protamine sulfate equal to one or one and a 
half times that of the heparin level measured at 
the last assay. 

In the vast majority of patients, the amount of 
blood suctioned during operation was so small, 
less than 200 ml, that it was discarded. The 
routine utilization of a cell saver system could 
not be justified on a need or cost basis. How- 
ever, any significant preperfusion or postperfu- 
sion hemorrhage resulting in the pooling of 
blood was recovered by cardiotomy suckers and 
returned to the oxygenating circuit. This blood 
was routinely filtered through one macropore 
and one micropore filter. On the completion of 
bypass, all the perfusate was returned to the 
patient if his hemodynamic state permitted. 
Any residual volume, usually 500 to 1,000 ml, 
that was not returned to the patient in the 
operating room was collected and usually given 
to the patient in the intensive care unit. 

Preoperatively, each patient's hemostatic 
function was evaluated clinically and by labo- 
ratory means. The laboratory tests included an 
examination of the peripheral smear; clot re- 
traction; bleeding time (Ivy); the prothrombin 
time (PT) (Dade); the partial thromboplastin 
time (PTT) (Hyland); platelet count with platelet 
aggregation (Biodata) to adenosine diphos- 
phate, collagen, ristocetin, thrombin, epineph- 
rine; fibrinogen (Dade); tri-F titer (TFT) [8]; 
and fibrin(ogen) split products (FSP). With 
the exception of the bleeding time, the same 
laboratory tests were repeated immediately 
after the completion of operation and then as 
indicated by abnormal bleeding or abnormal 
test values. 

All blood samples for laboratory testing were 
collected either by a clean venipuncture stick or 
from indwelling lines after the first 20 m! was 
discarded. For coagulation studies other than 


clot -etraction, FSP, and platelet counts, blood 
was drawn into plastic tubes containing the 
correct amount of 3.296 sodium citrate antico- 
agulant. All testing was performed within 30 
minutes of blood collection. 

Blood loss, as estimated by the volume of 
ches- tube drainage, was measured at hourly 
intervals after operation until no more oc- 
curred. Then the chest tubes were removed. 

At all times only blood components were 
used for treatment [10, 16]. These components 
included packed red cells, cryoprecipitate and 
fresh-frozen plasma. Whole blood, fresh blood, 
platelet-rich plasma, and platelet concentrates 
were not used. 


Results 

Of tke 774 patients who underwent aortocoro- 
nary bypass, 167 (2296) bled more than 600 ml 
with:n the first eight hours after operation. Five 
of them had normal coagulation studies and re- 
quired immediate reexploration. In each, a defi- 
nitive bleeding point requiring surgical inter- 


vention was found. All the remaining 162 


patieats had coagulation abnormalities severe 
enouzh to give rise to excessive bleeding and 
were successfully treated medically. In these 
patients, excessive bleeding postoperatively 
was best correlated with a PTT greater than 45 
seconds, a PT greater than 19 seconds, a fibrin- 
ogen level less than 225 mg per deciliter, and 
a TFT equal to or less than 1:32. These labora- 
tory findings, which occurred singly or in com- 
bination, formed the basis for rational therapy. 

In this clinical study, 255 patients (33%) re- 
quired no blood or blood components; 352 
(46%. received only packed red cells; and 164 
(21967 received Amicar with or without cryo- 
precipitate or fresh-frozen plasma. Three pa- 
tients (0.496) required additional protamine 
sulfate. Five patients (0.696) required reexplo- 
ratior for surgical bleeding. The overall average 
of blcod components used per patient for the 
entire series was as follows: packed red cells, 
2.1 units; cryoprecipitate, 2.5 units; and fresh- 
frozer. plasma, less than 1 unit. 


Diagnosis and Treatment 
In the patient with excessive bleeding after 
perfusion, the coagulopathies induced by oper- 
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Classification and Treatment of Patients with Excessive Postoperative Bleeding 


PT PTT 
Cause of >19 >45 
Bleeding sec sec 
Compensated No No 
hyperfibrinolysis 
Uncompensated Yes/No Yes 
hyperfibrinolysis 
Heparin Yes/No Yes 
Surgical No No 


. Fibrinogen TFT 

< 225 mg/dl = 1:32 Treatment 

No Yes Amicar 

Yes Yes Amicar, cryo- 
precipitate, 
FEP 

No Heparin effect Protamine 

No No Reexploration 


PT = prothrombin time; PTT = partial thromboplastin time; TFT = tri-F titer; FFP = fresh-frozen plasma. 


ation were explainable on the basis of a hyper- 
fibrinolytic syndrome or inadequate heparin 
neutralization after coming off bypass. In 159 
patients, there was excessive hemorrhage be- 
cause of hyperfibrinolytic activity. This coag- 
ulopathy was either fully compensated or un- 
compensated, giving rise to various coagu- 
lation factor deficiencies. All patients with 
hyperfibrinolytic bleeding were treated with 
Amicar alone or with Amicar supplemented by 
cryoprecipitate and fresh-frozen plasma. In this 
series, because of rigorous heparin monitoring, 
only 3 patients were noted to have residual cir- 
culating heparin after operation and required 
treatment with protamine sulfate. The classi- 
fication and treatment of patients with exces- 
sive postoperative bleeding is outlined in the 
Table. The characteristics of the various coagu- 
lopathies are as follows. 

Compensated hyperfibrinolysis (fibrinolysis 
without coagulation factor deficiencies) was 
identified by a falling saline TFT, anormal PTT, 
a normal PT, and the absence of any heparin 
effect in the TFT. The fibrinogen level was 
greater than 225 mg per deciliter. In every in- 
stance, treatment consisted of an intravenously 
administered bolus of Amicar (10 gm) given 
over 5 minutes, supplemented by another 10 
gm at the rate of 2 gm per hour. 

Uncompensated hyperfibrinolysis (fibrin- 
olysis with coagulation factor deficiencies) 
was identified by a falling saline TFT, a PIT 
greater than 45 seconds, a PT less than 19 sec- 
onds, a fibrinogen less than 225 mg per decili- 
ter, and the absence of any heparin effect in the 
TFT. Treatment consisted of the Amicar regi- 


men as for compensated hyperfibrinolysis and 
the rapid infusion of 20 units of cryoprecipitate. 
However, if the PT was prolonged beyond 19 
seconds, this regimen was supplemented with 
4 units of fresh-frozen plasma. 

Unneutralized heparin was identified by the 
TFT by the lack of clot formation in the lower 
dilutions of the patient’s plasma in saline and 
Amicar. The PTT and PT can also be prolonged, 
depending on the heparin concentration, but 
fibrinogen remains greater than 225 mg per 
deciliter. In these instances the patient was 
treated with an appropriate dose of protamine 
sulfate as determined by a heparin assay. 

In patients with a hemorrhagic diathesis as- 
sociated with hyperfibrinolysis, compensated 
or uncompensated, the dose of Amicar is 
judged by the degree of fibrinolytic activity as 
determ. ned by serial TFT, PTT, and PT. With an 
adequate urinary output (greater than 35 ml per 
hour), dosages up to 60 gm within the first hour 
were tclerated without adverse sequelae. Some 
bleedirg patients with persistently prolonged 
PTTs required up to 40 units of cryoprecipitate 
within the first two hours. By contrast, patients 
with prolonged PTs have not required fresh- 
frozen plasma in excess of the initial 4 units. 
Whenever coagulopathies occur, it is essential 
to implement treatment early and to pursue 
management aggressively until coagulation 
studies are normalized and hemorrhage stops. 


Comment 
Patients undergoing a cardiopulmonary bypass 
operation are classified as having an acceptable 
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blood loss if chest tube drainage measures less 
than 600 ml within the first eight postoperative 
hours. In our series of 774 consecutive patients 
who underwent aortocoronary bypass, 607 
(78%) fell within this range of normality and 
167 (22%) demonstrated excessive blood loss. 
Of the patients who bled excessively, 5 (0.6%) 
had normal coagulation studies and required 
immediate reexploration. The remaining 162 
(21%) patients with excessive hemorrhage had 
abnormal coagulation studies due to hyperfi- 
brinolytic activity or unneutralized heparin, and 
all were treated medically. No correlation was 
found to exist between excessive bleeding and 
time on bypass or volume of suctioned blood. 
The most useful laboratory tests for hemosta- 
tic dysfunction were found to be a PTT greater 
than 45 seconds, a PT greater than 19 seconds, a 
fibrinogen less than 225 mg per deciliter, and a 
TFT equal to or less than 1:32. Platelet counts 
and function studies, as well as FSP estima- 
tions, bear no relevance to the clinical state and 
were not found to be of value. 
Hyperfibrinolytic bleeding was the most fre- 
quently identifiable coagulation disorder and 
was diagnosed in 159 (20%) patients. All were 
successfully treated with Amicar alone or with 
Amicar supplemented with cryoprecipitate and 
fresh-frozen plasma. Three patients (less than 
1%) were noted to have residual heparin activ- 
ity and were treated with protamine sulfate. 
Amicar or €-aminocaproic acid is a 6 carbon 
monaminocarboxylic acid with a molecular 
weight of 143 daltons. The function of Amicar is 
inhibition of plasma plasminogen activator 
substances. Consequently, plasma plasmino- 
gen cannot be activated and fibrinolysis is in- 
hibited [1, 6]. Antifibrinolytic agents, such as 
Amicar, cannot prevent bleeding unless clot- 
ting can occur in the first place. The phar- 
macological effect of Amicar helps to arrest lysis 
of the protective blood clot, thus preventing 
hemorrhage. Amicar cannot be used success- 
fully prophylactically because its action is very 
short-lived and, being a very small molecule, is 
rapidly excreted in the urine. In our study, 
Amicar in doses up to 90 gm within a two-hour 
period have been employed, without demon- 
strable ill effects, for ongoing hyperfibrinolytic 
activity associated with excessive hemorrhage. 
We did not encounter an increased incidence of 


blood coagulability or pulmonary embolism. 
The latter complication occurred in this study in 
2 patients who had received 20 gm of Amicar 
each and in 4 patients who had not received 
Amicar. The absence of thromboembolic com- 
plications is in accord with the findings of other 
investigators [14, 15]. Amicar also has been 
used successfully in the control of bleeding due 
to hyperfibrinolysis following transurethral re- 
section [9], cardiac bypass operation in children 
with congenital heart disease [12], and dental 
extractions in hemophiliacs [17], and in the 
prevention of early recurrence of spontaneous 
subarachnoid hemorrhage [13]. The poor repu- 
tation of Amicar in certain areas is due to its use 
in circumstances in which it should not have 
been employed. 

Only blood components, red cells, cryopre- 
cipitate, and fresh-frozen plasma were used as 
treatment. Fresh blood, whole blood, and 
platelets were not needed. In this series 255 pa- 
tients (33%) required no blood or blood com- 
ponents; 352 (46%) received only packed cells 
in order to correct persistent normovolemic 
anemia; and 164 (21%) received cryoprecipitate 
with or without fresh-frozen plasma to treat 
coagulopathies. The average of blood compo- 
nent used per patient was as follows: packed 
cells, 2.1 units; cryoprecipitate, 2.5 units; and 
fresh-frozen plasma, less than 1 unit. 

In this series of patients, no instance occurred 
in which excessive bleeding was caused by 
both surgical and hematological reasons. As the 
study has continued over the years, however, a 
few patients with this combination have been 
noted. In each instance, the blood coagulation 
profile was abnormal at the termination of op- 
eration, and the patient continued to bleed de- 
spite correction of the coagulation factors with 
appropriate therapy. In all bleeding situations, 
the value of rapid hematological assessment of 
the patient cannot be overemphasized. 
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Discussion 

DR. ROB3RT S. LITWAK (New York, NY): I enjoyed the 
paper bv Dr. Lambert and his colleagues. Their work 
is an interesting and helpful attempt to system- 
atically analyze and treat the cause of postperfusion 
bleeding. But the problem, of course, is that one can 
never really be sure of a single cause of inappropriate 
bleeding, which—thanks to improved perfusion 
techniqaes—has become rather unusual. 

It is noteworthy that in this series, the decision to 
reexplore patients with excessive bleeding was based 
on the prior determination that the coagulation 
studies were all normal. Certainly, there can be no 
disagreement that prompt operative reentry is indi- 
cated in this subgroup. But is the converse true? That 
is, is it appropriate to defer early reexploration of a 
bleedinz patient just because he has an abnormal 
coagulazion pattern? We believe that there is far 
greatex danger in delaying reexploration of any pa- 
tient who is bleeding. It is entirely possible for surgi- 
cal hemostasis to be imperfect in a patient who also 
happens to have a deranged coagulation spectrum. 
Indeed, it seems to me that we must assume the 
probability of inadequate surgical hemostasis in any 
patient who is bleeding actively after open intracar- 
diac operation. 

What is the danger of early reexploration? In our 
experieace the risk has been virtually nil. This was 
not the case, however, in early years when we de- 
layed reentry because of an abnormal coagulation 
pattern in the patient who was bleeding after perfu- 
sion and who was being treated with blood replace- 
ment, various coagulation factors, and plasminogen 
activator inhibitors (such as e-aminocaproic acid). 
Even if a patient with a coagulation abnormality is 
managed nonoperatively with apparent success and 
finally stops bleeding, the potential for tamponade- 
related reduced cardiac performance is heightened 
because of retained intrapericardial clots. 

In summary, the nice study of Dr. Lambert and his 
colleagaes is a useful contribution to our under- 
standir.g of the nature of postperfusion bleeding. But 
experience dictates a clear message: regardless of the 
coagulation spectrum, if a patient is bleeding ac- 
tively, assume a surgical hemostatic problem and 
reexplcre early. 


DR. LAMBERT: I appreciate Dr. Litwak's remarks. | 
have had considerable experience with reexploring 
patients, and I do not believe that the inability to 
make e diagnosis and provide effective treatment is a 
justification to continue operating. Besides, if there 
is a hemostatic deficiency, operative intervention will 
provide no réal benefit. Instead, the problem of 
bleeding will remain. 

I do not mean to imply that a patient should be 
allowed to die. He must be made hemodynamically 
stable, and we practice this program. No one in our 
series died because of bleeding. 


Delayed Pacemaker Erosion due to Electrode Seal Defects 


Joseph D. Cohn, M.D., Rajendar Santhanam, M.D., Micki A. Rosenbloom, 


and Robert F. Thorson, B.S. 


ABSTRACT Over a 7-year period, follow-up data 
were available on 163 patients who underwent 209 


pacemaker-related operations for initial insertion or. 


revision of previously implanted units. During the 
follow-up period, 16 pacemaker generator units 
were removed from 12 patients solely because of the 
development of local skin erosion. This represents a 
7.7% incidence of pacemaker generator erosion. 
Three units were removed within a 3-month interval 
following pacemaker implantation and were asso- 
ciated with positive bacterial cultures, thereby indi- 
cating an infectious cause. Findings at removal of the 
remaining 13 pacemaker generators included exten- 
sive fibrosis with chronic inflammation, fibroblastic 
proliferation, and granulation tissue, which was 


most prominent at the site of insertion of the pace-- 


maker lead into the pacemaker generator unit. 
Granulation tissue frequently led from this area to 
the area of skin attenuation and erythema. Inspec- 
tion of the pacemaker generator units and electrodes 
demonstrated fluid ingress and tissue ingrowth to- 
ward the electrode due to inadequate seal mecha- 
nisms. 

Inadequate seal design of the pacemaker generator 
and electrode junction leads to tissue ingrowth with 
fibroblastic proliferation, chronic inflammation, and 
eventual pacemaker erosion. 


Extension of pacemaker generator longevity 
through the use of lithium batteries and nuclear 
energy sources has led to improved acceptance 
of artificial pacemaker generating units in the 
treatment of a wide variety of rhythm distur- 
bances. Long-term implants of pacemaker 
generating units have, however, become asso- 
ciated with specific failure modes related to 
electrical components and pacemaker lead con- 
struction. Late erosions have been documented 
on rare occasions and are usually attributable to 
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local trauma. Occasionally, and during pro- 
spective evaluation, a design-related cause for 
pacemaker erosion has been documented [1].* 
The appearance of late pacemaker erosion 
prompted the development of a surveillance 
program to define related causative factors. 


Methods 

During the 7-year period from 1971 through 
1977, follow-up data were available for 163 pa- 
tients who underwent 209 pacemaker generator 
insertions or revisions of previously implanted 
units. Several different pacemaker generator 
units and lead configurations were employed, 
and selection was based on patient require- 
ment, availability, and current technology. 
Follow-up examinations were performed every 
4 months during evaluation of pacemaker 
generator electronic function. 

During the follow-up period, 16 pacemaker 
generator units were removed from 12 patients 
solely because of local skin erosion caused by 
the pacemaker. Pacemaker erosion occurred 
from 1 to 36 months following insertion and 
resulted in frank skin necrosis with extrusion of 
the pacemaker generating unit in four instances 
and localized skin induration, erythema, and 
tenderness without extrusion in twelve others. 
Thus, 16 pacemaker generator units were re- 
moved, representing an incidence of pacemaker 
generator erosion of 7.796. 

During this time, implantation of pacemaker 
models 301UD, 401BD, and 602B (Cardiac Pace- 
makers, Inc.) were utilized on 107 occasions or 
5196. Eleven erosions were observed in this pa- 
tient group, representing an incidence of ero- 
sion of 10.396. Additional units implanted in- 
cluded Medtronic 5942, Medtronic 5842, Xytron 
5950, Biotronik IDP44, Intermedics 251, Inter- 
medics 223A, and Arco LI-3D. A summary of 
the late pacemaker generator erosions is given 
in the Table. 


*Cardiac Pacemakers, Inc: Personal communication, 1977. 
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Clinical Data for the 16 Patients Who Had Pacemaker Generator Erosion? 








Symptom 
Patient Onset after Ulceration 
No. Implanatation Pacemaker througF Skin Culture 
1 23 mo CPI 301UD No No growth 
2 11 mo CPI 301UD No Scant staphylococcus 
3 8 mo CPI 401BD No Scant Staphylococcus aureus 
4 25 mo CPI 401BD No 
5 2 wk Intermedic 223A Yes Staphylococcus aureus 
6 31 mo CPI 401BD No 
7 6 mo CPI 401BD Yes Staphylococcus epidermidis 
8 19 mo Biotronik IDP44 No Scant Staphylococcus epidermidis, 
Staphylococcus aureus 
9 30 mo Biotronik IDP44 Yes 
10 12 mo CPI 401BD Yes 
li 35 mo Biotronik IDP44 No 
12 2d CPI 301UD No Staphylococcus aureus 
13 5d CPI 401BD No Staphylococcus aureus, gram- 
negative bacilli 
14 6 mo Medtronic 5942 No No growth 
15 7 mo CPI 401BD No 
16 4 mo CPI 602B No 


aSymptoms and findings include erythema, induration, and fluid accumulation within the pacemaker generator site. Loose 
fitting electrode leads were commonly noted on pacemaker removal. Histological examination in eight instances revealed 
focal necrosis, granulation tissue, and chronic inflammatory changss. 


CPI = Cardiac Pacemakers, Inc. 


The 16 pacemaker generator units that were 
removed because they were causing skin ero- 
sion were evaluated by visual inspection and 
by electronic function analysis. Lead function 
. was assessed. Culture specimens were obtained 
from the pacemaker pocket, and multiple biop- 
sies of pacemaker pocket tissue were examined 
histologically. 


Case Reports 

Patient 2 

A 64-year-old man was admitted for pacemaker 
replacement because of imminent erosion. 
Pacemaker insertion had been performed 14 
months previously because of syncope asso- 
ciated with bradycardia. The implanted pace- 
maker system consisted of a model 301UD, 
which is a unipolar pacemaker generator unit 
(serial no. 008421), and a unipolar lead (serial 
no. 02457LC), both manufactured by Cardiac 


Pacemakers, Inc. During the 3 months prior to 
admission, the patient noted induration and 
erythema over the medial superior corner of the 
pacemaker. He was treated conservatively with 
antibiotics and warm compresses, without im- 
provement. 

Because of progression of these symptoms, it 
was elected to implant a new pacemaker 
gererator unit and electrode on the opposite 
chest. Consequently, an Arco unipolar pace- 
maker generator unit, model LI-3D (serial no. 
D33132C) was implanted utilizing an Arco uni- 
polar endocardial electrode model 2HP (serial 
no N711). The previously implanted Cardiac 
Pacemakers, Inc., pacemaker generator unit 
wes removed. Examination of the insertion of 
the endocardial lead into this pacemaker dem- 
onstrated a loose fit between the Silastic en- 
decardial lead and the epoxy channel of the 
pacemaker generator unit. 
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Fig 1. The pacemaker generator unit removed from Fa- 
tient 2 demonstrates the presence of an incomplete seal 
along the epoxy channel of the pacemaker generator 
unit. The arrow indicates the position of this seal along 
the Silastic endocardial lead. This is incorporated in the 
lead design in an attempt to prevent fluid accumulation 
within the epoxy channel. However, tissue fluid can be 
seen adjacent to the electrode and within the pacemaker 
channel as a result of the incomplete seal. 


Figure 1 illustrates the explanted unit and the 
endocardial electrode. A continuous air inter- 
face can be seen extending across the thin, ex- 
panded portion of the Silastic lead, which is de- 
signed to act as a barrier to fluid accumulation 
at the electrode connection site. Bloody fluid 
and tissue debris were noted to track from this 
area to the subcutaneous tissue adjacent to the 
area of skin erythema. Histological examination 
of biopsy tissue demonstrated edematous 
granulation tissue, focal necrosis, and young 
fibroblastic proliferation at areas adjacent to the 
electrode insertion site. More peripherally, fi- 
brosis and mild chronic inflammatory changes 
were present. There was no evidence of foreign 
body giant cell reaction (Fig 2). 


Patient 4 


An 86-year-old man, was admitted for evalua- 
ton of erosion of an indwelling pacemaker 
generator unit. Pacemaker insertion had been 
performed 2 years previously for heart block. 
During the past several months, he noted 
erythema and induration over the lateral 
superior and inferior margins of the pacemaxer. 
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Fig 2. Biopsy of pacemaker lining tissue from Patient 2 
demonstrates fibroblastic proliferation, edematous 
granulation tissue, and dense fibrosis adjacent to the 
pacemaker lead insertion site into the generator unit. In 
addition, this granulation tissue associated with mild 
chronic inflammatory changes extended from the area of 
the lead insertion toward the area of imminent erosion 
on the skin surface. (H&E; original magnification 
x430.) 


Skin attentuation was also noted over these 
areas. In addition, considerable induration was 
present over the anterior surface of the subcu- 
taneous tissue adjacent to the pacemaker gen- 
erator unit. The initial implantation had con- 
sisted of a bipolar pacemaker generator unit, 
model 401BD (serial no. 007105) by Cardiac 
Pacemakers, Inc., and a bipolar Medtronic en- 
docardial electrode (serial no. 10701MA). 

Upon removal of the pacemaker unit, necrotic 
material was noted to originate at the insertion 
of both leads into the pacemaker generator unit, 
with granulation tissue extending to the sub- 
cutaneous tissue and with adjacent skin 
erythema. The entire pacemaker pocket was 
edematous and indurated. Biopsy of the sur- 
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Fig 3. Model 401BD (serial no. 007105), Cardiac Pace- 
makers, Inc., bipolar pacemaker generator unit removed 
from Patient 4. Examination demonstrates marked tissue 
ingrowth into the epoxy lead channel. Tissue biopsy 
demonstrated the presence of fibrous tissue with focal 
necrosis and deposition of hemosiderin. Granulation tis- 
sue was present and extended to the subcutaneous tissue 
adjacent to the skin erythema near the surgical incision. 


rounding tissue demonstrated fibrous tissue 
with focal necrosis and deposition of hemosid- 
erin. Tissue ingrowth into the epoxy channel of 
the pacemaker generator unit was noted at the 
site of both electrodes (Fig 3). The indwelling 
bipolar unit was removed and replaced with an 
Intermedic unipolar pacemaker generator unit. 
The proximal lead of the bipolar electrode was 
capped with an adapter. The Silastic sleeve of 
the Intermedic pacemaker generator unit al- 
lowed mechanical sealing of the pacemaker lead 
and pacemaker generator channel. 


Patient 16 

A 64-year-old man was admitted to the hospital 
because of imminent pacemaker extrusion. Ini- 
tial pacemaker implantation had been per- 
formed 8 years previously for symptomatic 
bradycardia. During this interval, several re- 
placements had been performed and the current 
pacemaker and lead configuration consisted of 
two Medtronic model 5814 epicardial leads and 
a Cardiac Pacemakers, Inc., model 602B (serial 
no. 014439), which was inserted into the upper 


Fig 4. Extensive ingrowth of tissue is noted in the lead 
channel of the bipolar pacemaker model 602B in the 
pacemaker removed from Patient 16. Histological ex- 
amination of this tissue and adjacent pacemaker lining 
tissue demonstrated focal necrosis and chronic inflam- 
mation. Granulation tissue was noted to be present from 
the site of lead insertion into the pacemaker to the sub- 
cutaneous tissue adjacent to the area of skin attentua- 
tion. 


abdomen. The present pacemaker and lead had 
been in place for 10 months. Four months fol- 
lowing implantation of this system, skin atten- 
uation and erythema became noticeable over 
the pacemaker site. Increasing erythema, skin 
attenuation, and discomfort persisted, and 
elective replacement was performed. 

During the replacement operation, dense fi- 
brosis was noted in the tissue surrounding the 
pacemaker generator unit. Electrode corrosion 
was visible in the pacemaker unit and tissue 
ingrowth into the unit was extensive (Fig 4). 
Granulation tissue was present from the site of 
lead insertion into the pacemaker to the subcu- 
taneous tissue and was associated with the ad- 
jacent skin erythema. Histological examination 
of biopsy sections from tissue surrounding the 
pacemaker generator unit demonstrated fibrous 
tissue with focal necrosis and chronic inflam- 
mation. Cytological examination of aspirated 
fluid demonstrated neutrophils, histiocytes, 
and necrotic debris consistent with inflamma- 
tion. 

Electronic evaluation of pacemaker function 
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was within normal limits and specifications. 
The epicardial lead, which had been inserted 
into the pacemaker generator unit, allowed free 
movement between the electrodes enclosed 
within the pacemaker epoxy channel and the 
surrounding tissue. The Medtronic epicardial 
leads were considerably smaller than the chan- 
nel diameter in the pacemaker unit, and this 
allowed buildup of tissue and debris within 
this lumen. Though imminent erosion of the 
pacemaker occurred 10 months following ir itial 
implantation, this represents one of the earliest 
erosions related to this problem of the pace- 
maker generator interface. 

Following irrigation of the pacemaker pocket 
and appropriate debridement, an Interm edic 
unipolar pacemaker generator unit, mode) 251 
(serial no. 251-0105) was inserted. One o: the 
epicardial leads was capped with a plastic 
adapter. Use of the Intermedic unit with a 
Silastic sleeve allows a firm tie to occlude the 
electrode and prevent tissue and fluid ingress 
into the epoxy lead channel. This provices a 
satisfactory solution for pacemaker channel tis- 
sue ingrowth that occurs in this manner. 


Results 

Out of 209 pacemaker insertions, 16 pacemaker 
generator units were removed because of 
pacemaker erosions. Erosion occurred from 1 to 
36 months following insertion and resulted in 
frank skin necrosis and extrusion of the pace- 
maker generator in four instances. Loca ized 
skin induration, erythema, and tenderness 
were present in twelve. The incidence of ero- 
sion was 7.796. 

Analysis of the data indicate that primary 
pacemaker pocket infection occurred in 1 pa- 
tient (Patient 12), in whom septicemia de- 
veloped, with blood cultures yielding Siaph- 
ylococcus aureus. This complication could be 
traced to events that occurred at the time of 
implantation. Erosion of the pacemaker oc- 
curred five weeks following implantation and 
was the earliest erosion in this series. Two ad- 
ditional wound cultures (Patient 5 and 13) dem- 
onstrated pathological organisms, and the asso- 
ciated pacemaker erosions occurred within 3 
months of initial implantation. Thus, infection 
that occurs at the time of surgical implantation 


@  OcOOO OO O OO O00 


PACEMAKER 
EROSIONS 


12 24 36 


MONTHS AFTER IMPLANTATION 


Fig 5. The occurrence of pacemaker generator removals 
associated with iminent or actual pacemaker erosion. 
The solid circles represent instances of documented 
pacemaker pocket infection, and all 3 occurred at less 
than 3 months following implantation. Thirteen addi- 
tional pacemaker erosions not associated with an infec- 
tive process occurred at 7 to 36 months following im- 
plantation. 


may only account for those pacemaker erosions 
seen within 3 months of pacemaker insertion. 

As shown in Figure 5, all other pacemaker 
replacements for erosions were done more than 
7 months following implantation. Cultures ob- 
tained during pacemaker removal or replace- 
ment procedures in these patients were sterile 
or yielded nonpathogenic or skin contaminant 
organisms. Gross examination of the pace- 
maker site uniformly demonstrated induration 
and edema of the pacemaker pocket lining tis- 
sue. Granulation tissue and maximum indura- 
tion of the lining tissue were always present at 
the junction of the pacemaker lead and pace- 
maker generator unit. Tissue could frequently 
be seen to enter the space between the pace- 
maker lead and the lumen of the pacemaker 
generator in continuity with the lead electrode 
(see Figs 1,3, 4). Histological examination of the 
excised tissues demonstrated granulation tissue 
with focal necrosis, chronic inflammation, and 
fibroblastic proliferation. Foreign body giant 
cell reactions were not present. Polymor- 
phonuclear infiltration was not a prominent 
finding in those pacemakers associated with 
late erosion, as might be anticipated in the 
presence of an infective process. 


Comment | 

Improved pulse generator design and use of 
lithium-battery and nuclear energy generating 
units have increased the longevity of pace- 
maker devices. Long-term implantation of 
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pacemaker generator units has, however, be- 
come associated with specific failure modes re- 
lated to electrical components and pacemaker 
lead construction. 

The occurrence of late pacemaker erosion due 
to a noninfective process indicates that a pace- 
maker generator or lead design feature can be a 
causative factor. Prior investigation [1] has es- 
tablished a causal relationship between pace- 
maker generator design and tissue growth into 
a potential space in the pacemaker generator 
unit. This investigation also indicated that tis- 
sue exposed to a pacemaker electrode would 
migrate in tissue culture. Thus, an exposed 
pacemaker generator electrode within the 
pacemaker site is not biologically inert [2]. 

Instances of late pacemaker generator erosion 
were uniformly associated with pacemaker site 
induration. Pain was present and was most in- 
tense at the junction of the pacemaker lead 
and generator junction. Cultures from the 
pacemaker site at replacement did not yield in- 
fective organisms. Histological study demon- 
strated inflammatory reaction, fibroblastic pro- 
liferation, and granulation tissue, which was 
most prominent at the pacemaker lead insertion 
into the generator unit. A loose fit of the pace- 
maker lead into the lumen of the generator was 
commonly seen in these instances and may be 


responsible for the initiation of events leading 
to tissue ingrowth in this area. 

Based on these investigations, it is clear that 
improved design characteristics are required 
for the satisfactory long-term function of the 
electrode lead—pacemaker junction interface. It 
is recommended that labeling be improved so 
that surgeons implanting pacemakers are as- 
sured that the mechanical as well as electrical 
properties of the electrode lead are compatible 
with the pacemaker generator unit. Improved 
quality control during manufacturing is neces- 
sary in order to eliminate the possibility of po- 
tential space problems during implantation or 
their development on a long-term basis. Im- 
proved seal design of the electrode lead junc- 
tion and pacemaker generator unit is also 
required to further assure elimination of con- 
tinuity between the pacemaker generator elec- 
trode and tissue fluid. 
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Not Just Another Kid Show 


When it comes to performance for both infant and pediatric 
patients, look to the Shiley 070. The S-070 was specifically 
designed with the infant and pediatric patient in mind. It 
features an anodized aluminum heat exchanger and efficient 
gas transfer. Less priming volume is required and it offers less 
resistance to venous blood flow than other infant and pediatric 
units. The S-070 is substantially more efficient in both oxygen 
and carbon dioxide transfer for recommended blood flow 
rates. The S-070—more than just another kid show! 


See your Shiley Representative for clinical results. 


Shiley 


an integral member of the open heart team 


Shiley, Inc. 

17600 Gillette Avenue 
Irvine, California 92714 
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(800) 854-3683 
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Crystal-controlled timing makes CARDIOTEST today’s wisest 
choice in pacemaker test instruments. And its extra capabilities 
will allow CARDIOTEST to test tomorrow's pacemakers too. For 
effective pacemaker evaluation, you need a system tester more 
accurate and more precise than the device tested — 
CARDIOTEST. 


VERSATILITY. CARDIOTEST is a three-in-one instrument 
which tests implantable pacers, measures threshold parameters 
and tests implanted pacers noninvasively. 


ACCURACY. Threshold Testing: The CARDIOTEST pulse 
generator approximates the function of an implanted unit, for 
closer simulation of pulse generator performance. A variable 
sensitivity feature allows the full range from demand to 
asynchronous pacing. 


Implantable Pacer Testing: CARDIOTEST sensitivity 
measurements are uniquely precise. Unlike competitors’ testers, 
CARDIOTEST gives the implanting physician the assurance 
that sensitivity is adequate at implant time. Voltage is measured 
at midpoint — a more accurate representation of real output 
pulse energy than at other points in the pulse. Because of this 
distinctive midpoint-measurement feature, CARDIOTEST can 
measure voltage over the various pulse widths available with 
today's pulse width programmable pacemakers. 


SECURITY. By testing the pacemaker with CARDIOTEST prior 
to implant, the physician can document the device's proper 
function, without introducing more test equipment to the 
operating room. 


EASE OF USE. Pushbutton operation and compactness make 
this the most "human engineered" test instrument available. 
Bright, readable digital display can be seen from across the 
room — and LED indicators tell which parameter is being 
measured. Easy to measure resistance — just push the button. 
No need to measure slew rate — CARDIOTEST's electronic 
bandpass filter compensates for frequency content of the 
R-wave. 


DISPLAY AREA — 

LED Digital Display 

LED Measurement Indicators 
PACE and SENSE LED Indicators 
Battery Low LED Indicator 


THRESHOLD TEST DEVICE — 
Control dials for adjusting rate, pulse 
width, voltage and sensitivity 
(asynchronous to full demand) 
parameters during patient pacing and 
threshold measurements. 


Pushbutton selectors for rate, pulse 
width, voltage and resultant current, 
resistance and cardiac R-wave 
measurements. 


PACER TEST DEVICE — 

Pushbutton selectors for rate, pulse 
interval, pulse width, voltage, paced 
and sensed refractory periods, and 
positive and negative R-wave 
sensitivity measurements of external 
or implantable pulse generators. 


NONINVASIVE TEST DEVICE — 
Pushbutton selectors for rate, pulse 
interval and pulse width 
measurements of an implanted 
pacemaker. 
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® St. Paul, Minnesota 55164, U.S.A. 
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The search for 
the perfect pacemake 


shape has finally 
turned the corner. 


It should come as no surprise to you that a number of pacemakers 
have taken on some pretty strange configurations. 
In the final analysis, though, there can be only one ultimate 
shape. An optimum design. Biocompatibility superior to all others. 
Introducing our S 3000. It comes with a small connection 
that provides an optimum lead exit angle free of harsh bends. It is a 
connection that is an integral part of the total shape. Not an obvious 
afterthought. 
The S 3000 has softly rounded, high radius edges and cor- 
ners. That's important for a pacemaker. After all, sharp edges can 
be traumatic. And they can cause pocket erosion. 
Actual Size. T The gently curving, rectangular 
me shape of the S3000, plus its very low 
. density, minimizes rotation and the Se adore t 
capstan effect. Which leads us to has softly rounded edges — the ulti 
' our point. pacemaker shape. 

At Vitatron, the challenge to us goes well beyond makin 
pacemaker that is electronically and technologically superior. It' 
biocompatibly superior, too. 

If you would like to learn more about the S 3000, write t 

7 f us. Vitatron Medical b.v., P.O. Box 76, Kanaalweg 24, Dieren, 
I| ^ !J The Netherlands. In the United States: Vitatron Medical Inc., 
^-————áÁ""»A One Gateway Center, Newton, MA 02158. 
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Several years ago, we introduced the Datascope 
stem 80 Intra-Aortic Balloon Pump. Since that 
ne it has proven itself to be the most reliable system 
the world. 

We just improved on it. With the new Datascope 
istem 82. 

The System 82 is dramatically simpler to 
iderstand and to operate. Setting two prominent 
de controls is essentially all that is needed for 
oper adjustment. 

To test its simplicity, we gave it to nurses who had 
ver seen it before. With no instruction whatsoever, 
ey were able to understand and adjust each control. 
The System 82 is 50% quieter than its predecessor. 
It utilizes a revolutionary Electrosurgical 
terference Suppression Module, ESIS. In most 
ses, this device virtually eliminates RF 

eerference due to electrocautery. Which means a 
ore reliable triggering signal. 

We've also improved the monitor itself. We made 
non-fade. Which gives it a clearer, more effective 
splay. So you not only get a better display of patient 
ta, but also of system control signals. 

But we didn't change everything. We've kept 

any of the things that made our System 80 so 
ccessful. 

We haven't changed the unique Datascope 
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Dual-Chamber Balloon. * In tens of thousands of 
operations, it has demonstrated that it is not only 
highly dependable, but exceptionally easy to insert. 

Our System 82 is still highly portable and can be 
operated both from AC line power and battery power. 
And optional instruments such as the EVR Cardiac 
Monitor, the 721A Single-Channel and the 740 
Dual-Channel Recorders can be used with it. 

And the new System 82 still allows you to use the 
Datascope Pulsatile Assist Device, PAD® ** The 
first and most widely used clinical device to produce 
both pulsation and counterpulsation in cardiac 
surgery. 

Even with its exceptional reliability, it’s good to 
know that the System 82 has service facilities across 
the U.S. capable of responding to an immediate 
service need within hours and capable of providing a 
comprehensive preventative maintenance and 
service program as well. 

For more information about the new Datascope 
System 82, write: Datascope Corp., Box 5-N, 
Paramus, N.J. 07652, Tel. (201) 265-8800. Or write 
Datascope B.V., Post Box 26, 3870 CA, 
Hoevelaken, Holland. 


The Datascope System 82 


Datascope System 82 
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The Role of Gallium-67 Scanning 
in the Clinical Staging and Preoperative 
Evaluation of Patients with Carcinoma of the Lung 


Tom R. DeMeester, M.D., Harvey M. Golomb, M.D., Peter Kirchner, M.D., 
Karim Rezai-Zadeh, M.D., Jacob D. Bitran, M.D., Dennis L. Streeter, D.O., 
Philip C. Hoffman, M.D., and Malcolm Cooper, M.D. 


ABSTRACT Gallium-67 scanning was evaluated in 
100 patients with proved carcinoma of the lung. It 
was valuable in separating primary from secondary 
lung tumors, determining the extent of contralateral 
hilar or mediastinal lymph node involvement, and 
detecting distant organ metastases. In addition to 
multiplane whole-body Ga-67 tomographic scan- 
ning, colloid liver scans, bone scans, and compu- 
terized axial tomography scans of the brain were 
obtained to determine the presence of distant 
metastasis. The gallium scan detected 11 of 12 occult 
metastases and identified 7 of 7 liver, 9 of 14 brain, 4 
of 4 soft tissues, 1 of 4 contralateral lung, and 9 of 11 
bone metastases. The whole-body gallium scan ac- 
curately detected or excluded extrathoracic meta- 
static disease in 11 of 12 patients examined post- 
mortem within three months of a gallium scan. 

An approach is recommended using gallium scan- 
ning along with chest roentgenograms for clinical 
staging and preoperative evaluation of patients with 
carcinoma of the lung. Specific organ scans should 
be reserved for the occasional symptomatic patient 
with a negative gallium scan or for clarification of an 
indeterminate gallium scan. 


In 1973, Matthews and co-workers [8] reported 
the postmortem findings from 202 patients with 
lung cancer who were thought by their sur- 
geons to have had a curative surgical procedure 
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but who died of an unrelated cause within a 
month of the operation. Seventy-three patients 
(36%) had persistent, unrecognized tumor in 
the regional lymph nodes or distant organs. The 
study indicates that the current staging proce- 
dures to determine the extent of disease are in- 
adequate or not used, and, as a consequence, 
36% of the operations were insufficient or not 
helpful. The reported benefit of preoperative or 
postoperative radiotherapy in selected patients 
[7, 9, 10] and the recent advances in chemother- 
apy for non-oat cell carcinoma of the lung [5] 
suggest that adjuvant therapy would be appro- 
priate for such patients, and underscore the 
need for more precise staging of patients be- 
fore operation to optimize the use of multi- 
modal therapy. 

In a previous study, we [6] reported that 
gallium-67 citrate scanning has a high sensitiv- 
ity for primary malignant lung lesions 2 cm 
in diameter or larger. In the present study, 
we prospectively analyzed the usefulness of 
whole-body Ga-67 scanning compared with 
liver scans, bone scans, and computerized axial 
tomography (CAT) scans of the brain, for de- 
termining the extent of disease in 100 patients 
with lung cancer. 


Material and Methods 

One hundred twenty-three successive patients 
with abnormal chest roentgenograms sugges- 
tive of primary carcinoma of the lung were 
evaluated at the University of Chicago Chest 
Oncology Clinic between July 1, 1976, and Au- 
gust 1, 1977. This total excludes 7 patients with 
acute infections, extensive pleural effusion, or 
suspected sarcoidosis. Twenty-three of the 123 
patients were shown to have a lesion metastatic 
to the lung from another primary tumor or be- 
nign pulmonary disease. 
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The histological diagnosis of the pulmonary 
lesion was made in all patients by broncho- 
scopic biopsy, transbronchial lung biopsy, or 
open thoracotomy. In 66 patients, the medias- 
tinum was evaluated by mediastinoscopy or 
exploratory thoracotomy, with biopsies of the 
mediastinal lymph nodes. The presence of a 
brain metastasis was confirmed by CAT scan- 
ning; 1 patient had an open brain biopsy. If a 
scan showed evidence of liver metastasis, it was 
confirmed by open or percutaneous needle bi- 
opsy of the liver. Skeletal metastases were con- 
firmed by roentgenographic evidence and by 
bone biopsy in 4 patients with negative roent- 
genograms. Soft tissue metastases detected by 
Ga-67 scintigraphic scanning were confirmed 
by direct biopsy. The staging classification of 
the American Joint Committee for Cancer 
Staging and End Result Reporting [2] was used. 
Twelve patients with carcinoma of the lung on 
whom a postmortem examination was done 
within three months of a whole-body gallium 
scan were analyzed to determine the scan accu- 
racy for detecting or excluding the presence of 
distant organ metastasis. 


Scan Methods 

Liver scans were performed on a standard field 
of view or a large crystal gamma camera (Pho 
Gamma 4 or LFOV, Searle Radiographics) fol- 
lowing the injection of 8 mCi of technetium- 
99m-labeled sulfur colloid. Anterior, posterior, 
lateral, and anterior oblique projections of the 
liver and spleen were obtained utilizing 1 mil- 
lion counts per view and a window width of 
20%. 

Three hours after the intravenous adminis- 
tration of 15 mCi of Tc-99m-labeled hydroxy- 
ethylidene diphosphonate, bone scanning was 
performed with a large field of view gamma 
camera (20% window width) and a scinti- 
scan table. The table speed was adjusted to 
produce 1 million counts in the whole-body 
image. For clarification of suspicious or symp- 
tomatic areas, the whole-body scan images 
were supplemented with static camera images 
of 400,000 counts each. 

Gallium scans were obtained with a dual 5- 
inch rectilinear scanner (Ohio-Nuclear) as well 
as a longitudinal multiplane tomographic sys- 
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tem (Pho Con, Searle Radiographics). The rec- 
tilinear scanner utilized a 20% window setting 
about the 93, 184, and 300 kev photopeaks of 
gallium. The longitudinal tomographic images 
were generated with a 20% window setting 
about the 93 and 183 kev photopeaks. A com- 
parison of the relative sensitivities and spe- 
cificities of these imaging methods will be the 
subject of a later communication. Imaging was 
obtained at 48 or 72 hours after tracer adminis- 
tration. In patients with proved cancer, the 
dose was 10 mCi; otherwise, it was 5 mCi. The 
scanning speed was adjusted on each instru- 
ment to produce an information density of at 
least 500 counts/cm’. Medium energy col- 
limators were used for both instruments; the 
rectilimear scanner collimator (38 holes) had a 
focal depth of 9 cm. Bowel cleansing with laxa- 
tives was employed to diminish gallium local- 
ization in the colon. For the clarification of sus- 
picious or symptomatic regions, repeat images 
were obtained at 72 or 96 hours or at both 
times. 


Scan Interpretation 

The scans were interpreted by one of us (K. 
R.-Z.) without knowledge of the patient's 
idertity, clinical history, or results of other 
studies. In interpreting the Ga-67 scan, special 
attention was paid to activity in the chest in 
three regions: peripheral lung fields, right and 
left hilum, and mediastinum. Since no statisti- 
cal difference was demonstrated between the 
findings on rectilinear scans and longitudinal 
tomcgraphic images (to be the subject of a later 
communication), the results obtained are appli- 
cable to either mode of scanning. 


Scan Results 

The results of the scans were compared with the 
presence of disease as determined by abnor- 
malities noted on physical examination, find- 
ings on the chest roentgenogram, histological 
examination of the biopsy specimens, or, in 
patients with potential bone metastasis, the 
roentgenographic findings of the abnormal 
scan areas. The following characteristics were 
assessed: (1) sensitivity, which represents the 
probability that a Ga-67 scan will detect car- 
cinoma of the lung if it is present; (2) spe- 
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cificity, which represents the probability that a 
Ga-67 scan will exclude carcinoma of the lung if 
it is not present; (3) percent accuracy, which 
represents the probability that a Ga-67 scan can 
detect proved sites of lung cancer or correctly 
indicate the absence of lung cancer when none 
exists; (4) percent error, which is the opposite 
of accuracy and is obtained by subtracting the 
accuracy rate from 100; and (5) predictive value, 
which represents the degree of certainty with 
which a physician can rely on the results of a 
Ga-67 scan to reflect the presence and extent of 
lung cancer in a given patient. 


Results 

Evaluation of the Primary Chest Lesion 
Ninety-six of 100 patients with histologically 
proved carcinoma of the lung had positive gal- 
lium scans (Figs 1 through 6). Thirteen of the pa- 
tients had a single lung metastasis from a pri- 
mary tumor elsewhere in the body, and in 7, 
the lesion was gallium positive. Ten patients 
had a benign chest abnormality, 3 of whom had 
gallium-positive scans. Of the 106 patients with 
positive scans, 96 had a primary carcinoma of 


Fig 1. Chest roentgenogram showing a poorly defined 
density in the right middle lobe of a 62-year-old man 
who smoked. 





the lung. Of the 17 patients with a negative 
scan, 4 had a primary carcinoma of the lung. 

Table 1 shows the results of gallium scanning 
according to tumor histology. There were only 
four false-negative scans. They were seen in 
patients with a histologically proved adenocar- 
cinoma, all measuring less than 2 cm. 

In our patients, Ga-67 scanning had a sen- 
sitivity for primary carcinoma of the lung of 
96%, a specificity of 59%, and an overall accu- 
racy of 89%. The predictive value of a positive 
Ga-67 scan for primary carcinoma of the lung 
was 91%. The predictive value of a negative 
scan for the absence of primary carcinoma of 
the lung was 76%. 


Fig 2. Gallium-67 scan of the same patient showing 
uptake of gallium by the density in the middle lobe, as 
well as distinct foci of uptake in the mediastinal and 
supraclavicular areas. Mediastinoscopy showed meta- 
static squamous cell carcinoma in the mediastinal lymph 
nodes. 


-— — or o 
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Fig 3. Chest roentgenogram showing a right Fig 5. Chest roentgenogram showing a right para- 
paramediastinal mass in a 49-year-old man who mediastinal mass in a 60-year-old woman who smoked. 
smoked. 





| . A B 
" Fig 6. Gallium-67 scan of the same patient, (A) anterior 
and (B) posterior views, showing uptake of gallium by 
A B the chest lesion, which obscures the mediastinum. 
Fig 4. Gallium-67 scan of the same patient, (A) anterior Mediastinoscopy showed metastatic large cell carcinoma 
and (B) posterior views, showing uptake of gallium by in the paratracheal lymph nodes. 


the right lung lesion and the contralateral hilar lymph 
nodes. Mediastinal exploration showed a primary 
adenocarcinoma of the right upper lobe with metastasis 
to the contralateral hilar lymph nodes. 
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Table 1. Results of Gallium-67 Scanning 
in Primary Lung Cancer 
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Fifteen patients had a false-negative Ga-67 
scan of the mediastinum. In 7 of them, the 
involved nodes were located adjacent to a 


No. of Gallium Sensitivity ^ paramediastinal primary tumor. In 4 patients 

Cen Type, _. Patients oue Cs) small intranodal mediastinal metastases from a 
Squamous 48 48 100 peripheral primary tumor were less than the 
Adeno 31 27 87 threshold size of 2 cm for detection by gallium 
Oat 15 15 100 scanning. Three were ipsilateral and one, con- 
Large 6 6 100 tralateral to the primary tumor. Four patients 
Total 100 96 96 had supraclavicular node metastases, which 


Evaluation for Mediastinal Node Metastasis 
Table 2 shows the relationship between Ga-67 
scanning and mediastinal lymph node involve- 
ment in 66 patients evaluated by mediastinos- 
copy or thoracotomy. For purposes of tabula- 
tion, the presence of contralateral hilar node 
uptake of Ga-67 was considered synonymous 
with mediastinal lymph node uptake. It was 
difficult to distinguish uptake of Ga-67 by 
mediastinal lymph node when the primary 
tumor was paramediastinal. The calculated sen- 
sitivity, specificity, accuracy, and predictive 
value of Ga-67 scanning of the mediastinum in 
relation to the position of the primary tumor is 
shown in Table 3. 


were difficult to differentiate from normal up- 
take of gallium by the sternoclavicular joint. 


Evaluation for Distant Organ Metastasis 

Of 100 patients with histologically proved car- 
cinoma of the lung, one or more distant organ 
metastases were detected on the initial staging 
evaluation in 40. In 12 of these patients (30%), 
the distant metastases were occult and were 
detected solely by imaging studies (Figs 7 
through 12). 

Table 4 compares the imaging modalities 
used to detect the presence of distant organ 
metastasis. The overall sensitivity of Ga-67 
scanning for detecting distant organ metastasis 
was 75%. There were no false-positive scan re- 
sults. 


Table 2. Evaluation of Mediastinum by Gallium-67 Scan 





Peripheral Primaries 


Gallium Scan Results 


Paramediastinal Primaries 


All Patients 


Gallium Scan Results Gallium Scan Results 


Biopsy Results Positive Negative Total Positive Negative Total Positive Negative Total 

Mediastinum positive 7 D 12 12 10 22 19 15 34 

Mediastinum negative 1 25 26 1 5 6 2 30 32 
Total 8 30 38 13 15 28 21 45 66 


Table 3. Evaluation of Mediastinum by Gallium-67 Scan 





Predictive Value 


Location Sensitivity Specificity Accuracy + Scan — Scan 

of Primary (96) (96) (96) (96) (96) 

A]l patients 56 94 74 90 67 

Peripheral 58 96 84 86 83 
primaries 

Paramediastinal 95 83 61 92 33 


primaries 
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Fig 9. Computerized axial tomography scan made in the 
area of gallium uptake showing an occult metastatic le- 
sion in the left cerebellum. Biopsy of the left hilar lesion 
showed squamous cell carcinoma. There was no evi- 
dence of mediastinal node metastasis on mediastinos- 


" copy. 





Fig 7. Chest roentgenogram showing a left hilar lesion 
in a 65-year-old man who smoked. 


Fig 8. Gallium-67 scan of the same patient, (A) anterior 
and (B) posterior views, showing uptake of gallium by 
the left hilar lesion and a focus of asymmetrical uptake 
in the head. 

B 
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Fig 10. Chest roentgenogram showing a right hilar and 
paratracheal mass in a 58-year-old man who smoked. 


Fig 11. Gallium-67 scan of the same patient, (A) an- 
terior and (B) posterior views, showing uptake of gal- 
lium by the right hilar lesion and a distinct focus (ar- 
rows) of gallium uptake under both the right and left 
diaphragm. 


A B 





Gallium-67 scanning detected metastatic 
brain lesions in 9 of the 14 patients with this 
condition. Twelve of them were symptomatic 
and underwent local radiation therapy prior to 
scanning. 

Eleven patients had skeletal metastasis; it 
was identified by Ga-67 scanning in 9. The 
bone scan was positive in these 11 patients, as 
well as in 6 others in whom roentgenographic 
or biopsy findings excluded the presence of 
tumor involvement. In 5 patients, the bone scan 
detected a greater number of bone metastases 
than the Ga-67 scan. 

There was similar ability to detect liver 
metastasis by the colloid and the Ga-67 scan. 
The use of the multiplane emission tomo- 
graphic scanner helped to delineate areas of in- 
creased Ga-67 concentration within the liver 
parenchyma, and was of major benefit in the 
identification of liver metastasis. 

In 4 patients, pulmonary metastasis to the ip- 
silateral and contralateral lung were demon- 
strated by chest roentgenogram. They were 
small nodules, measuring less than 2 cm, and 
only one lesion, with a diameter slightly over 2 
cm, was detected by the Ga-67 scan. In 4 pa- 
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tients with soft tissue metastasis, Ga-67 was 
the only imaging determinant of metastatic 
disease. 

Table 5 shows the clinically occult distant 
| organ metastasis uncovered by the imaging 
$ F studies. Eleven (9296) of the 12 patients with 

m clinically occult metastatic disease were de- 

tected by Ga-67 scanning alone, and the 

6 addition of the other scans offered no clinical 
Bee benefit. 

T The accuracy of the Ga-67 scan in identifying 
patients with disease confined to the thorax or 
metastatic to distant organs was evaluated by 
comparing the scan results with the results of 
postmortem examination of 12 patients who 
died within three months after scanning. Both 
the scan and postmortem examination found 
disease confined to the thorax in 4 patients. 
For the other 8 patients, postmortem results 
showed metastasis in all, while the gallium scan 
showed metastasis in 7 and disease confined to 
d | the thorax in 1. Ga-67 scanning had a sensitiv- 
+ *» ity for detecting distant organ metastasis of 
ei * ^. ~ . 8896, a specificity of 100%, and an accuracy of 

E 9295. The predictability of a scan showing ab- 
| normal uptake of Ga-67 outside the thorax to 
indicate the presence of metastatic disease was 
10096. The predictability of a normal body scan 
Fig 12. Tomographic gallium scan (anterior to posterior — 15 exclude distant organ metastasis was 8096. 
views arranged from left to right and top to bottom) 
showing, with better delineation, the posterior location No attempt was made in this study to deter- 
of these two foci in the space occupied by the adrenal mine if Ga-67 detected every site of metastatic 
glands. disease; rather, emphasis was on its ability to 
identify patients who had or did not have dis- 
tant organ metastasis. 


Ld " 











Table 4. Comparison of Multi-imaging Modalities in Metastatic Screening 








Chest Gallium 
No. of CAT Bone Liver Roent- Gallium Sensitivity 
Organ Patients Scan Scan Scan genogram Scan (90) 
Brain 14 14 9 64 
Bone“ 11 17 9 82 
Liver 7 7 7 100 
Lung 4 4 1 25 
Soft 4 4 100 
tissue^ 
Total 40 14 17 7 4 30 75 





*Benign disease shown by roentgenogram and biopsy accounted for 6 of 17 positive bone scans. 
" Adrenal, kidney, diaphragm, skin. 


CAT = computerized axial tomography. 
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Table 5. Occult Metastatic Lestons 


No. of - CAT 
Site? Patients Scan 
Brain 2 2 
Bone 4 
Liver 3 
Soft 3 
tissue? 
Total 12 2 


Bone Liver Gallium 
Scan Scan . Scan 
1 
4 4 
3 3 
3 
4 3 11 


TT td 


Proven by biopsy, CAT scan, or roentgenogram. 
‘Kidney, adrenal, diaphragm. 


CAT = computerized axial tomography. 


Comment 

The current study was undertaken to determine 
the usefulness of Ga-67 scanning in staging the 
extent of disease in patients with primary cer- 
cinoma of the lung, prior to the initiation of 
therapy. It was not our intent to use Ga-57 
scanning as a screening test for the detection of 
lung carcinoma. We excluded patients with 
acute infection, sarcoidosis, Hodgkin's disease, 
and lymphoma, all of which are readily reccg- 
nizable clinically even though they have posi- 
tive Ga-67 scans. We believe that this is the b2st 
way to use Ga-67 scanning in the clinical man- 
agement of patients. 

A common problem with Ga-67 scanning is 
poor image quality. Considerable improvement 
can be achieved by several steps: increasing the 
number of photons that generate the image; 
administering a higher activity, such as 10 mCi 
as used in our patients; using three pulse 
height analyzers for simultaneous detection of 
the 93, 184, and 300 kev photon emissior. of 
Ga-67; and increasing the scanning time [3]. 
The image quality can be improved further by 
increasing the interval between injection and 
scanning to 72 hours. This allows more time for 
the removal of Ga-67 from normal tissues. The 
use of multiplane emission tomographv also 
improves the image quality by better delineat- 
ing areas of increased Ga-67 concentration in or 
adjacent to tissues with high background activ- 
ity, such as the liver and colon.’ 

Based on the observations made in this 
study, three functional principles have been de- 
rived to aid the practicing physician in inter- 
preting Ga-67 scans in patients with suspected 


|» primary carcinoma of the lung. First, the uptake 


of Ga-67 by a single lung lesion that on chest 
roentgenogram is 2 cm or greater in diameter 
gives a 9196 probability that the lesion is a pri- 
mary lung carcinoma. If the lesion does not take 
up Ga-67, there is a 76% probability that it is 
not a primary lung carcinoma and represents a 
pulmonary metastasis from another primary or 
nonneoplastic disease. We have found this 
particularly helpful in the evaluation of suspi- 
cious hilar shadows on chest roentgenograms. 
A single peripheral chest lesion, that does not 
take up Ga-67, is considered to be metastatic 
until proved otherwise, and the patient under- 
goes a thorough search for a primary tumor out- 
side the chest. In our experience, a commonly 
unrecognized primary is carcinoma of the pan- 
creas because it does not give early clinical 
symptoms. i 

A chest lesion that fails to accumulate Ga-67 
still has a 24% probability of being a primary 
carcinoma of the lung and should be treated as 
such if no other primary is localized elsewhere 
in the body. There are two reasons why a Ga-67 
scan can be normal in patients with a primary 
carcinoma of the lung. First, gallium-containing 
lesions less than 2 cm in diameter are difficult to 
resolve from surrounding background activity 
with current scanning equipment. Second, the 
presence of associated disease, such as a pleural 
effusion or chronic atelectasis,’ is likely. to 
interfere with the detection of gallium uptake 
by the tumor. Therefore, Ga-67 is not of help in 
the analysis of these two common clinical pre- 
sentations of lung cancer. 

Scanning with Ga-67 appears to be a useful 
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noninvasive technique for determining the 
presence of mediastinal or contralateral hilar 
lymph node metastasis. Although Ga-67 scan- 
ning has a sensitivity of only 56% for the detec- 
tion of lymph node metastases, a positive scan 
signifies the presence of metastatic disease 
with a 90% predictability. Therefore, emphasis 
should be placed on the positive mediastinal 
scan. Our experience does not support the con- 
clusions of Alazraki and associates [1], who re- 
ported that a normal Ga-67 scan indicates the 
absence of mediastinal nodal metastasis. The 
specificity rate of 96% for Ga-67 scanning of the 
mediastinum in patients with peripheral le- 
sions would seem to support this concept, but 
the high specificity is due to the fact that pe- 
ripheral lesions are less likely to have extensive 
mediastinal lymph node metastasis. The spe- 
cificity drops to 83% for paramediastinal le- 
sions, for which the likelihood of mediastinal 
node metastasis increases. The value of abnor- 
mal or normal Ga-67 scans of the mediastinum 
is reflected more meaningfully in the calculated 
percent accuracy of 84% for peripheral com- 
pared with 61% for paramediastinal primary 
lesions. 

Based on this data, the second functional 
principle to be applied is this: If the primary 
chest lesion and distinct mediastinal or con- 
tralateral hilar areas take up Ga-67, there is a 
90% probability that the mediastinal or hilar 
lymph nodes contain tumor. If the primary 
tumor takes up Ga-67 and the mediastinal or 
hilar areas do not, there is a 67% probability 
that the mediastinal or hilar lymph nodes do 
not contain tumor. The 33% of false-negative 
Ga-67 scans are due to the close proximity of the 
involved mediastinal nodes to a paramediasti- 
nal primary tumor; the presence of microscopic 
intranodal metastasis whose size is below the 
resolution of Ga-67 scanning; and the presence 
of metastatic disease in the supraclavicular 
nodes with sparing of the more proximal lymph 
node chain. When used in accordance with this 
principle, Ga-67 scanning is a dependable, 
noninvasive way of detecting mediastinal or 
contralateral hilar lymph node metastasis. If 
mediastinoscopy is necessary to obtain tumor 
histology, the scan serves to increase the yield 


of positive biopsies since the insertion of the 
score, in the suprasternal, right, or left para- 
sternal position can be selected by the location 
of ircreased Ga-67 uptake. 

Tke presence of distant organ metastasis has 
a profound effect on the survival of patients 
with. carcinoma of the lung. The detection of 
these metastatic lesions can be difficult since, as 
shown in this study, 3096 are clinically occult. 
Of the 61 patients with non-oat cell carcinoma 
of the lung who were thought clinically to have 
diseese confined to the chest, 11 (1896) had oc- 
cult distant metastasis. It was detected in 10 
of them by Ga-67 scanning. This independent 
finding is surprisingly close to the observation 
of Matthews and associates [8] that 20% of the 
patients with non-oat cell carcinoma of the 
lung and in whom a pulmonary resection was 
done ‘ora cure, had unrecognized distant organ 
metastasis. These findings indicate that in 
one-fifth of the patients, resection of the pri- 
mary tumor alone is a futile attempt at curative 
therapy and that more effective preoperative 
staging would be expected to improve current 
survival statistics by 15 to 2096. 

The low sensitivity of Ga-67 scanning for de- 
tecting brain metastasis could have been due to 
the initiation of local radiation therapy before 
scanning. A previous study from this institu- 
tion reported the suppressive effects of prior 
radiation therapy on Ga-67 uptake by the pri- 
mary tumor in the lung [4]. 

Skel2tal metastases were suspected in 17 pa- 
tients on the basis of the bone scan, 6 of whom 
were shown subsequently not to have tumor. 
This underscores the propensity for the bone 
scan to give false positive results when used as 
the sole means for detecting metastatic disease. 
In 9 o: the 11 patients with proved skeletal 
metastasis, both Ga-67 and bone scans showed 
uptake in the same anatomical site. The Ga-67 
scan is helpful in evaluating areas of question- 
able abnormality on the bone scan. 

The identification of liver metastasis by 
Ga-67 scanning may be more difficult in this 
organ because of the high background activity 
unless a tomographic scanner is used. Tomo- 
graphicscanners also helped to delineate areas of 
abnormal uptake in other soft tissue organs of 


461 DeMeester et al: Gallium-67 Scanning for Carcinoma of the Lung 


the abdomen from the normal accumulation of 
Ga-67 within the bowel, and to localize these 
suspicious areas, either anteriorly or pos-e- 
riorly, in preparation for biopsy. The failure of 
the Ga-67 scan to detect pulmonary metastasis 
to the ipsilateral or contralateral lung was prob- 
ably related to their small size. 

Based on this data, the third functional prir- 
ciple to be applied in the use of Ga-67 scanning 
for the staging of patients with primary ca-- 
cinoma of the lung is this: if the primary tumor 
takes up Ga-67, there is a greater than 9% 
probability that an extrathoracic site of Ga-67 
uptake represents a metastatic lesion and a bi- 
opsy should be done. This applies if berign 
causes of abnormal gallium activity are recog- 
nized and excluded; for example, Paget's dis- 
ease of bone, traumatic injury, or acute irfec- 
tions. The use of other scans, namely, liver, 
bone, and CAT brain scans, offer little addi- 
tional clinical benefit than what is achieved Sy 
physical examination, chest roentgenog-am, 
and Ga-67 scan alone. As a consequence ‘ve 
currently believe that the whole-body Ca-67 
scan is sufficient for the initial screening -or 
metastatic disease in patients with lung cancer, 
and specific organ scans should be reserved for 
the occasional symptomatic patient with a 
negative Ga-67 scan or for clarification of an 
indeterminate gallium scan. 

The results of this study have led us tc rec- 
ommend the approach outlined in Figure 23 for 
staging patients with known or suspectec car- 
cinoma of the lung. It is based on the cem- 
plimentary use of the patient's history and 
physical findings, chest roentgenogram, and 
Ga-67 scan. The initial evaluation of a patent 
whose chest roentgenogram is suggestive of 
lung cancer is a Ga-67 scan. The only exception 
is the patient with signs or symptoms of meta- 
static disease that can be confirmed by specific 
roentgenograms, CAT scan, or biopsy. and 
therefore needs no further evaluation for the 
extent of disease. However, a Ga-67 scan can be 
obtained as a guide to measure therapy re- 
sponses. If Ga-67 is taken up by the chest le- 
sion, there is a 90% probability that the mass in 


the chest is a primary carcinoma of the ling, - 


and the scan should be evaluated for uptake 


outside the thorax. If it is present, specific 
roentgenograms or biopsy of the site to confirm 
a metastatic lesion should be done. The patient 
is then staged as a Stage III MI, indicating dis- 
tant metastasis, and if the histology of the pri- 
mary lesion is known, the evaluation is com- 
plete. 

If the patient does not have abnormal uptake 
of Ga-67 outside the thorax, efforts are made to 
obtain the primary tumor's histology and eval- 
uate the presence or absence of mediastinal 
lymph node metastasis. If there is distinct up- 
take in the mediastinum or contralateral hilum, 
mediastinoscopy is done only if the histology of 
the primary tumor is unknown. In our experi- 
ence, there is a 9096 chance that the tumor will 
be present in the mediastinal or contralateral 
hilar lymph nodes, and the patient is treated for 
Stage III MO disease, indicating that the tumor 
is confined to the thorax. If, on the other hand, 
there is no distinct uptake of Ga-67 in the 
mediastinum, mediastinoscopy should be per- 
formed, since 3396 of these patients can still 
have metastasis to the mediastinal lymph 
nodes. If lymph node metastases are found on 
mediastinoscopy, the patient is treated for 
Stage III MO disease. If no mediastinal metas- 
tases are found, a thoracotomy and pulmonary 
resection are performed, with a high probabil- 
ity that the disease has not progressed beyond 
Stage I or II, depending on the size of the pri- 
mary tumor and the presence of ipsilateral hilar 
lymph node metastasis. 

If the initial scan shows no uptake of Ga-67 
by the chest lesion, the possibility that the le- 
sion represents either a metastasis from a pri- 
mary outside the chest or benign disease 
should be considered strongly. In our experi- 
ence, the most common occult primary for a 
Ga-67 negative adenocarcinoma lesion in the 
chest is carcinoma of the pancreas. If no other 
primary is found, the patient is treated for pri- 
mary lung cancer. In our opinion, this strategy 
minimizes the time and cost incurred by a 
staging evaluation and provides the surgeon 
with a patient whose chances for unrecognized 
local or distant metastatic disease are minimal. 
ouch a patient is more likely to derive the 
maximum benefits from surgical therapy [8]. 
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Symptoms and Chest Roentgenogram Suggestive of Lung Cancer 


No Symptoms of Symptoms of 
Metastatic Disease Metastatic Disease 


| | 


Gallium-67 Scan Specific Roentgenogram, 


| ocan, or Biopsy 


of Site to Confirm 

Uptake by No Uptake by Metastatic Lesion 
Chest Lesion Chest Lecter and Tumor Histology 
(Positive Scan) (Negative Scan) 


Stage III M1 


Evaluate for 


Uptake No Uptake 


outside Thorax outside Thorax Other Primary 
| (Pancreas) 
Specific Roentgenogram, Scan, or 
Biopsy of Site to 
Confirm Metastatic No Other _ Other 
Primary Found Primary Found 


. Lesion and Tumor Histology 


, 


Treatment for Primary _ 
Lung Cancer a Treatment as 


Stage III M1 Indicated 





No Uptake in 
Mediastinum 
or Contralateral Hilum 


Uptake in 
Mediastinum 


| 
| 
| 
| 
| 
| 
or Contralateral Hilum | 
i 


Mediastinoscopy 
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Discussion 

DR. NICHOLAS P. ROSSI (Iowa City, IA): I would like to 
provide information gathered in diagnosing and 
staging 50 consecutive patients with suspected luag 
cancer. The results of gallium-67 scanning were com- 
pared with clinical staging and with the results of 
staging of the mediastinum by CAT scanning and 
55-degree oblique tomography. Each was corre.ated 


with the results of operation or mediastinoscopy or . 


both. Twenty-four patients underwent thoraco-omy 
(all were resectable), 17 had mediastinoscopy a.one, 
and in 9 a variety of other invasive diagnostic probes 
were employed. Our series and that of Dr. DeMeester 
and colleagues are comparable because the preva- 
lence of the disease in both populations was the same 
and there was no bias in selecting the tests since they 
were employed in all patients. We used the same 
dosage, and the test was conducted in a simila- way 
except that we did not have tomographic capabalizy. 

The accuracy of Ga-67 scanning did not depend on 
cell type or the clinical staging of the patient. Eizht of 
the 50 patients did not have cancer. The accuracy for 
positive prediction of tumor by gallium scaaning 
was 93%. We agree that the accuracy for neza-ive 
prediction should be in the range of 75% for les_ons 2 
cm or greater in diameter. 

For the hilum and mediastinum, the accuracy for 
positive prediction was 81% and for negative pre- 
diction, 44%. The significance of the latter figure 
indicates that a negative gallium scan for the hiium 
and mediastinum is not a clear indication to pro- 
ceed directly to thoracotomy. | 

CAT scanning did not increase the accuracy for 
positive prediction because of a higher numser of 


false positive results. The accuracy for negative pre- 
diction was 7596; oblique tomography added very 
little. The three tests agreed in only 55% of the pa- 
tients, but in such instances were 9596 accurate. 
Seven of our patients had metastatic pulmonary dis- 
ease, and 3 of these had a positive gallium scan. 


DR. RICHARD M. PETERS (San Diego, CA): I would like 
to congratulate the authors on a careful workup of 
what I think is a very useful diagnostic examination. 
The audience should recognize that, at least in our 
area, gallium is the cheapest of all of the scans and 
certainly the most rewarding. It is also important to 
note that it is much better than a liver scan in as- 
sessing liver metastases. 

I would like to ask a few questions to clarify some 
of the points. In a series that we reported, we found a 
higher proportion of adenocarcinoma than squa- 
mous primaries did not take up the gallium. Might 
this difference be one of the reasons why your scans 
identified metastatic disease? Was there a difference 
between percentage of primary squamous car- 
cinomas and primary adenocarcinomas that took up 
the gallium? In the patients who had microscopic 
metastases to lymph nodes, were the positive nodes 
found at resection or were they found at medias- 
tinoscopy and used to classify the patient as inopera- 
ble? In other words, what was the significance of this 
particular error? 

I would like to correct one statement in our report. 
Our limited data showed no instance of false nega- 
tive results if the tumor took up gallium. Since then, 
we have obtained false negative findings in patients 
who have tumor in the mediastinum and who take 
up gallium in the tumor but show no mediastinal 
uptake of gallium. 

I think it is important to encourage use of this test 
early in the workup. If it is done early, the gallium 
uptake can proceed, and it isn't necessary to wait two 
or three days at the end of the workup for this to 
Occur. 

This is a very nice paper and important at this time 
when we must improve our choice of tests that work, 
not those that don't. 


DR. DE MEESTER: I would like to thank Dr. Rossi and 
Dr. Peters for their comments and will attempt to 
clarify some points in closing. First, I wish to em- 
phasize that the gallium is not to be used as a 
screening test for carcinoma of the lung, but as a 
staging procedure to determine the extent of disease 
in à patient suspected of having carcinoma of the 
lung. Its use in this form accounts for its high sen- 
sitivity. 

Dr. Peters asked about our experience with 
adenocarcinomas of the lung. Of the 100 patients 
with primary lung cancer, 96 showed gallium uptake 
by the primary lesion. The 4 who did not had 
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adenocarcinomas. There is a reason, I think, for the 
difference in the higher incidence of positive scans 
for adenocarcinomas in our series than in others. Our 
group looks very carefully for an occult primary out- 
side the chest whenever we encounter an adenocar- 
cinoma in the lung that is negative on gallium scan- 
ning. Most commonly, we find an occult pancreatic 
carcinoma because of its common occurrence in 
smokers and its failure to give early gastrointestinal 
symptoms. In our experience, this occurs in 6 out of 
every 100 patients seen with suspected carcinoma of 
the lung. I think that if others would take time to look 
for primary lesions outside the chest in patients with 
gallium-negative adenocarcinoma, their results 
would be similar to what we reported. 

We had fifteen false-negative gallium scans of the 
mediastinum in our series. Seven were in patients 
with paramediastinal primaries. As I emphasized in 
the presentation, evaluating the mediastinum can be 


difticult when the primary is located over the 
med. astinum. In 4 patients, microscopic metastases 
in mediastinal lymph nodes were found on medias- 
tinoscopy. The size of gross tumor in these lymph 
noces was less than the threshold of 2 cm necessary 
for cetection by gallium. Another 4 patients had 
metastases to the supraclavicular nodes with sparing 
of tne mediastinal nodes. Based on this experience, 
we believe that a negative scan of the mediastinum is 
not an indication to proceed with thoracotomy, but 
rathe- to use mediastinoscopy. 

In closing, I would like to draw a parallel to use in 
think. ng about gallium scanning for carcinoma of the 
lung. A gallium scan is like a partially blind man; it’s 
very insensitive in its ability to see. But, when the 
partially blind man finally does see something, he 
knows something is really there and acts on the basis 
of it. And so it is with a gallium scan. It should be 
depended on and acted on only when it is positive. 


Sleeve Pneumonectomy for Bronchogenic Carcinoma 


Jean Deslauriers, M.D., Maurice Beaulieu, M.D., André Bénazéra, M.D., 


and André McClish, M.D. 


ABSTRACT Carcinomas of the right upper lobe 
that locally infiltrate the trachea represent a mejor 
challenge with regard to removal and reconstruction. 
Sixteen patients who had right pneumonectamy 
with carina resection between 1969 and 1977 were 
reviewed, and some implications of the surgical and 
anesthetic techniques were analyzed. The short-term 
results give merit to this extended procedure, and 
the fact that there is one long-term survivor suggests 
that some patients can be cured of their disease. 


Bronchogenic carcinomas extending outside :he 
anatomical limits of the standard pulmonary re- 
section always present difficult problems of re- 
construction. In 1950, Abbott [1] described zhe 
technical difficulties encountered when car- 
cinomas of the upper lobe extend into :he 
trachea. In 1972, Jensik and co-workers [28] re- 
ported a series of 14 cases involving resect.on 
of the right lung and carina, followed by cir- 
cumferential anastomosis of the left lung to 
the trachea. This report reviews our experience 
with this type of operation and analyzes some 
implications of the surgical and anesthetic 
techniques. 


Material and Method 

In the 8-year period 1969 to 1977, 350 patients 
underwent pneumonectomy for primary treat- 
ment of bronchogenic carcinoma. In 16 pa- 
tients, a sleeve resection of the trachea was 
added to the right pneumonectomy. The 16 pa- 
tients under review ranged from 36 to 65 years 
old, and all but 1 were men. 

In all patients, the tumor location was care- 
fully determined by bronchoscopy. As part of 
the preoperative staging, mediastinoscopy vras 
done in every patient and right pleurosccpy 
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[12] as well in 5 patients. Fourteen patients had 
squamous cell carcinoma, 1 had large cell un- 
differentiated carcinoma, and 1, mucoepider- 
moid carcinoma (Table). The surgical staging 
was established according to the criteria of the 
American Joint Committee on Cancer Staging 
[4]. Due to carinal involvement, all 16 patients 
were classified as Stage III. 

One patient had preoperative radiotherapy 
because of metastatic subcarinal nodes, but 
none had postoperative adjuvant therapy. In 
every patient, the surgical resection was con- 
sidered curative. Biopsies of the resection lines 
were negative, and complete removal of all in- 
volved nodes was achieved. 


Operative Technique 

The operation is performed through a standard 
right fifth intercostal space thoracotomy, and 
the patient is ventilated with a double-lumen 
Carlens tube. With this ventilation system, the 
right lung can be collapsed, which allows for 
easier dissection and mobilization of the hilar 
structures. 

After the extent of the tracheobronchial re- 
section has been determined, the main pulmo- 
nary blood vessels are ligated. Because of the 
central location of the tumor, it is often neces- 
sary to ligate them intrapericardially. When the 
lung remains attached only by the right main 
bronchus, the azygos vein is divided and the 
anterior esophageal wall is freed from the pos- 
terior aspect of the carina (Fig 1A). The tracheal 
bifurcation is then mobilized beyond any pal- 
pable tumor; although the Carlens tube could be 
left in place with the hook of the carina cut off, 
it usually is removed before division of the air- 
ways and a smaller single-lumen tube is posi- 
tioned in the trachea. 

The trachea is divided circumferentially (Fig 
IB) 1.5 cm above the tumor (usually 2.0 to 2.5 cm 
above the carina), and the left main bronchus 
is divided in the same fashion near its origin. 
Both resection lines are examined by frozen 
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Histological Diagnosis and Surgical Staging® 


Tumor 
No. of 
Cell Type Patients T1 T2 
Squamous cell 14 0 0 
Undifferentiated 1 0 0 
large cell 
Mucoepidermoid 1 0 0 


Extent 
Nodes Metastases 
29 NO N1 N2 MO M1 
H 3 9 2 14 0 
1 0 1 0 1 0 
pi 0 1 0 1 0 


*Surgical staging based on the TNM system for cancer classifica-ion [4]. 








C 
Fig 1. Operative technique: (A) mobilization of the 
tracheobronchial bifurcation; (B) division of the trachea 
and left main bronchus; and (C) circumferential anas- 
tomosis. 


B 


section, and if positive, the resection is ex- 
tended accordingly. The resected specimer 
consists of right lung, carina, distal trachea, anc 
proximal left main bronchus. 

The anastomosis is then carried out betweer 
the trachea and left main bronchus using inter- 
rupted Mersilene sutures (Fig IC). Knots are 
tiec outside the lumen. Since the membranous 
par: of the anastomosis is the most vulnerable 
to dehiscence, it is done last and special care 
is taken to avoid any suture tension at thal 
level. Despite discrepancies in size and thick- 
nes3, perfect mucosal approximation must be 
achieved all around the anastomosis. Following 
completion of the anastomosis, the reconstruc- 


tior. is carefully checked for air tightness. 


Management of Anesthesia 

Once the airways are divided, maintenance ol 
anesthesia and, most important, maintenance 
of adequate oxygenation require perfect under- 
standing of the operation being done as well as 
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good communication between the surgical and 
anesthesiology teams. At all times during the 
reconstruction, positive pressure must be re- 
sumed at the request of the anesthetist. The ra- 
dial artery is routinely cannulated for constant 
monitoring of blood pressure and blood gase3. 

When the single-lumen tube ventilation sys- 
tem (Fig 2A) is used, the anastomosis is carried 
out in two steps: (1) Four or five posterolate-al 
cartilaginous sutures must be inserted and tied 
during brief periods of apnea (2 to 3 minutes), 
with the endotracheal tube located above the 
anastomotic site. These periods of apneic oxy- 
genation alternate with positive-pressure ven- 
tilation, during which the endotracheal tube 
is guided back to the left main bronchus. 
(2) The anastomosis is completed arounc -he 
endotracheal tube in the left main bronchus. 

In the most recent patients treated, we have 
employed prolonged apneic oxygenation (1C to 
15 minutes) (Fig 2B). After a few minutes of 
hyperventilation, 100% oxygen (6 liters þer 
minute) is delivered directly to the left lung 
through a small catheter. This avoids repeazed 
manipulations of the endotracheal tube end 
gives enough time to complete safely most 
of the anastomosis. To prevent mechan.cal 
trauma, the endotracheal tube is moved well 
above the anastomosis once the reconstruction 
is completed. 


Results 

There were 5 operative deaths among the 16 
patients. All were related to infection in the 
contralateral lung leading to nonreversible res- 
piratory failure. This fatal complication was 
usually predictable because several symptoms 
appeared in the first forty-eight hours after 
operation: abundance of sputum, inability to 
cough, and increasing dyspnea. Secretions 
rapidly became purulent and, at the same time, 
infiltrations were noted roentgenographiczlly. 
Eventually, frank respiratory failure occurred. 
Other complications included arrythmias (3 
patients), hemorrhage necessitating reopera- 
tion (1 patient), and empyema (1). 

Ten of the 11 survivors lived for 1 year, 
and 6 patients are alive fifteen months to 7 
years after operation (average, 3.5 yr). Three 
years after operation, 1 patient died of 2 rup- 


tured abdominal aortic aneurysm; no residual 
tumor was found at postmortem examination. 
Of the 6 living patients, 1 has local recurrence 
(Fig 3) but the other 5 are free from tumor. 
Follow-up examination in December, 1978, 
consisted of bronchoscopy (4 patients), carinal 
tomography (3 patients) (Fig 4), bone scan, and 
liver function studies in all 6 patients. A late 
empyema developed in 1 patient 1.5 years post- 
operatively. It was treated by tube drainage and 
pleural lavage, and cleared completely. 


Comment 

The preoperative assessment of the tumor's 
anatomy and the planning of the resection are 
done during the bronchoscopic examination 
[15]. Although it can be difficult to advance 
the bronchoscope beyond the tumor, biopsy 
specimens are taken in the trachea above the 
gross lesion. Most of the neoplasms extend out- 
side the bronchial lumen, and tomograms are 
helpful in determining this extension. We be- 
lieve that mediastinoscopy should be done 
routinely to localize the involved nodes and to 
determine their extranodal extension into the 
mediastinal structures [39]. 

In 1973, Fraioli and associates [16] demon- 
strated a correlation among three factors: 
weight of the patient, measurements of func- 
tional residual capacity, and length of apneic 
oxygenation. We found it difficult to establish 
similar predictions because of the obstructive 
nature of the cancer, the position of the patient 
on the operating table, and the use of single- 
lung oxygenation. Normal or near normal dif- 
fusing capacity was noted, however, in patients 
who best tolerated prolonged apnea. 

The surgical technique for reconstruction 
after right pneumonectomy and sleeve resec- 
tion of the trachea was described well by Jensik 
and colleagues [28] and has been reported by 
others [14, 26, 31, 32, 35, 38, 44]. Division of the 
trachea 1.5 cm above the palpable tumor is gen- 
erally sufficient [10, 21], but it is essential to 
have an expert pathological opinion so that the 
cancer can be completely removed. To prevent 
dehiscence or late stenosis, it is important to 
obtain good mucosal approximation all around 
the anastomosis [28, 33]. 

Although local reconstruction with dermal 
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FiO, 100% 


4 





C 


Fig 2. Anesthetic technique: (A) single-lumen tube ven- — ventilat:on (Venturi). (FiO, = inspired fraction of 
tilation system; (B) apneic oxygenation; and (C) jet oxygen.! 
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wee — sateen 


Fig 3. Postoperative tomogram and line interpretaEon 
demonstrating an anastomosis with local recurrence (ar- 


rows). 





Fig 4. Postoperative tomogram and line interpretat on 
demonstrating a normal anastomosis (arrows). : 
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Fig 5. (A) Partial pressure of arterial carbon dioxide 
(PaCO,), pH, and (B) partial pressure of arterial oxy- 
gen (PaO,) during 15 minutes of apneic oxygenation. 


skin grafts [18], fascia [8], or bronchial grafts 
[11, 30] can be done, we believe circumferential 
anastomosis is preferable [7, 22, 23]. Utilization 
of a tubular prosthesis has never proved neces- 
sary for this type of operation. 

Adequate anesthesia and oxygenation are 
important during the operation because the 
patient is on single-lung ventilation throughout 
most of the procedure. The tube ventilation 
system (from above or through the operative 
field) is the most frequentlv used and can be 
adjusted to any kind of tracheobronchial recon- 
struction [3, 5, 8, 19, 22, 43]. 

The technique of apneic oxygenation has 
been described well [13, 15, 25] and can be 
useful. Figure 5 shows the monitoring of ar- 
terial blood gases in a patient under apneic 
oxygenation for a period of 15 minutes. To 
begin the period of apnea with the highest arte- 
rial partial pressure of oxygen and the lowest 
partial pressure of carbon dioxide, it is impor- 
tant to hyperventilate the patient with 100% 





8 0C 
7 8C 
790 pH 
7 40 


1 20 





oxygea before starting apnea. Arrhythmias are 
the most common sign of inadequate oxygena- 
tion, acidosis, or hypercapnia, and positive- 
pressure ventilation must be resumed at once. 
The ratient also can be oxygenated with the 
jet (Venturi) ventilation system (Fig 3C) [29, 
40, 44]. With this technique, the velocity o! 
the oxygen jet flow sucks ambient air into the 
left main bronchus. Cardiopulmonary bypass 
should never be needed for this type of 
tracheobronchial operation [2, 36, 46]. When 
the thoracic cavity is being closed, anesthesia 
should be reversed so that extubation can be 
done 2romptly. 

The early postoperative period is generally 
difticult, and aggressive physiotherapy must be 
instituted. Endotracheal aspiration or bron- 
choscopy should be done at the earliest sign of 
secreton retention. Antibiotics are adminis- 
terec routinely but corticosteroids are not, al- 
thouga the possible advantage could be a de- 


. crease in the amount of secretions or local 


edema [14,.32, 33]. 

Abbott [1] showed that maintaining the 
mediestinal structures in the midline or slightly 
to the left could be of importance. A balanced 
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pneumonectomy drainage system is used after 
this procedure. 

The operative mortality of 3196 in the present 
series, which seems prohibitive, has decreased 
in recent years. Four of the 5 deaths occurred in 
the first 3 years of the study. Better preoperative 
and postoperative physiotherapy seems to be 
the key since all the early deaths were due to 
complications related to retention of secretions. 

Local recurrence is a definite, long-term 
complication. Three of the 4 patients who 
died of cancer had local recurrence. A fourth pa- 
tient with recurrence was discovered during 
follow-up (see Fig 3). 

The 5-year survival after standard pneu- 
monectomy ranges from 15 to 2096 [6, 41, 
45]. However, local extension in the medias- 
tinum carries a more ominous prognosis [34, 
42, 45]. In 1978, Friese and co-workers [17] re- 
ported that tumors extending beyond the lung 
with or without nodal metastases had a bad 
prognosis (T4 NO, 8.69%, and T4 N2, 5.71%). In 
our series, 4 of the 8 survivors were alive 2 years 
after operation, and 5 patients are alive fifteen 
months to 7 years postoperatively and free from 
tumor. These statistics can be misleading because 
of the patient who survived 7 years; however, 
they show the merit of this extended proce- 
dure [9], especially since most of these patients 
have involvement of the hilar (T3 N1) or me- 
diastinal (T3 N2) nodes. Our short-term results 
are comparable to those reported for similar 
groups of patients, and the 1 long-term survivor 
indicates that perhaps some patients can be 
cured of the disease by this type of resection. 

In conclusion, we have reported on an “ex- 
_ tended form of resection” as defined by Cham- 
berlain and co-workers [9] applicable to pa- 
tients with bronchogenic carcinoma infiltrating 
from the right upper lobe into the trachea. On 
the basis of this experience, we believe that the 
operation described can be done in a select 
group of patients and that the results justify this 
aggressive attitude. Certainly, the alternatives 
to resection are few. 
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Discussion 

DR. L. PENFIELD FABER (Chicago, IL): We have ha 
experisnce with 26 patients undergoing right tra 
cheal sleeve pneumonectomy and 4 who had cari 
nal resection for recurrence in the bronchial stump c 
a previous right or left pneumonectomy. In 26 pa 
tients, the lesion involved the right tracheobronchie 
angle or carina, and tracheal sleeve pneumonectom: 
was required. In 2, there was recurrence in a lef 
pneurronectomy stump, and resection of the stum] 
and carina was accomplished through a right tho 
racotomy. In 2 others, there was stump recurrenc 
in the site of the right pneumonectomy, and resec 
tion was carried out through the right chest. We hav 
performed no tracheal sleeve procedures through | 
left thcracotomy. 

Cur results are similar to those of Dr. Deslaurier 
in that our operative mortality in the group under 
going sleeve pneumonectomy is 7 of 26 or 2796. Cur 
rently, 4 of the 26 patients are alive and free fron 
disease at 4, 7, 715, and 9 years. One patient died o 
cancer of the liver 9 years after operation, but thi 
reques- to do a postmortem examination was no 
granted and it was never determined whether a nev 
primary cancer had developed or not. Including thi 
patient our 5-year survival is 19%. 

There are several indications for this procedure 
They include a tumor with a central location involv 
ing the lateral tracheal wall or extension to the carina 
and bronchial stump recurrence without evidenc 
of extensive mediastinal disease. The procedure car 
be utilzed also as an aggressive approach in thi 
younger patient with a large, hilar cancer. 

Local recurrent cancer has been a problem in th: 
series reported by Dr. Deslauriers since 4 of 16 pa 
tients cr 25% have local recurrence. The majority o 
our patients received preoperative irradiation and 
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despite the high death rate from cancer, local rec.r- 
rence was not a major problem. The majority diec of 
disseminated disease. I am wondering if Dr. Des- 
lauriers would consider the routine use of preoper- 
ative or postoperative radiotherapy in view of ais 
identified recurrence rate? 

The described technique of 15 minutes of apnea by 
infusing 100% oxygen through a small catheter is 
impressive. The opportunity to perform an anas- 
tomosis without a large tube in the left main bron- 
chus or without having to reinsert a tube through a 
partially completed anastomosis is of notable teckni- 
cal benefit. I wonder if Dr. Deslauriers would ccm- 
ment further and tell us if this method was successful 
in all of the patients. How frequently must the arte- 
rial gases be analyzed and did any patients require 
stoppage of the apnea technique and reinstitution of 
normal pressure ventilation? 

A final question concerns the indications for this 
operation. Our mortality and survival figures have 
dimmed our enthusiasm for this procedure, and we 
have not performed a tracheal sleeve pneumorec- 
tomy in the past eighteen months. I wonder it sur- 
geons are justified in performing a procedure that 
carries a higher mortality than the expected cure rete? 


DR. KENWYN G. NELSON (Tyler, TX): I enjoyed Dr. Les- 
lauriers' presentation thoroughly and would like to 
mention an additional way that this procedure car be 
utilized. In June, 1974, at William Beaumont Army 
Medical Center, a 55-year-old white woman uncer- 
went a right pneumonectomy for squamous cell car- 
cinoma involving the right upper lobe takeoff and 
bronchus intermedius. At the time of resectior, a 
frozen section from the line of resection revealed car- 
cinoma in situ. As a consequence, the carina was 
resected and a frozen section was obtained from both 
ends of the tracheal sleeve. The sections were nega- 
tive and a trachea-left main bronchus anastomo- 
sis was accomplished. The patient's postoperative 
course was dramatic, requiring multiple bronckos- 
copies, muscle flap for an anastomotic leak, pro- 
longed use of a respirator, a Clagett procedure, and 
considerable attention on the part of a devoted resi- 
dent staff. The patient was discharged five and a nalf 
weeks after operation. Four and a half years later, she 
is doing well. Bronchoscopy was done in March, 
1978, with no evidence of recurrence or stenosis. 


DR. PETER J. FERRATO (Grand Junction, CO): I rise to 
present a case report that supports Dr. Deslauri=rs’ 
conclusions on the validity of sleeve pneumorec- 
tomy in the surgical treatment of bronchogenic car- 
cinoma. The method of ventilation employed during 
anastomosis, however, differs from that of Dr. L'es- 
lauriers and his group. 

A 58-year-old white man had a lesion of the right 
upper lobe that extended to the carinal portion of the 


main bronchus. Bronchoscopy, mediastinoscopy, and 
sleeve pneumonectomy were done at St. Joseph Hos- 
pital, Lorain, OH, on February 9, 1973. The patient 
had an uneventful recovery and is doing well 6 years 
later. 

By means of sterile, intrapleural, left bronchial in- 
tubation, tracheobronchial lymph nodes and antici- 
pated lines of resection were studied by frozen sec- 
tion in a deliberate manner, and the anastomosis was 
unhurried. The tubing is supplied sterile and the 
metal Y-connector is "flash" sterilized. Thus, even 
when encountered unexpectedly, the procedure can 
be done in a community hospital. 

I congratulate the authors on their fine presen- 
tation. 


DR. F. G. PEARSON (Toronto, Ont, Canada): We have 
just heard another well-documented report from Drs. 
Deslauriers and Beaulieu and their colleagues at 
Laval University in Quebec City. I am sure we are all 
becoming aware that this unit has accumulated an 
exceptional volume of clinical experience, a volume 
found in relatively few centers elsewhere in North 
America. 

I would like to emphasize what Dr. Deslauriers has 
appropriately noted—that the indications for sleeve 
pneumonectomy are restricted to a highly select 
group of patients. Dr. Deslauriers and his colleagues 
have done only 16 such operations during an 8-year 
period in which about 350 pneumonectomies were 
done for lung cancer. We have performed only 6 
sleeve pneumonectomies during the past 15 years at 
Toronto General Hospital. Dr. Deslauriers identified 
several criteria for patient selection. (1) The cell type 
must be favorable; 14 of 16 patients had a squamous 
cell lesion. (2) The operation is not applicable in pa- 
tients in whom there is notable involvement of the 
trachea or left main bronchus by the tumor. The 
relationship of the left main bronchus to the aortic 
arch is such that the hilum of the left lung cannot 
be elevated upward in the mediastinum over any 
great distance. If the overall length of the resec- 


tion of trachea and main bronchus exceeds 4 cm, 


I think it unlikely that a predictably safe anasto- 
mosis can be achieved because of tension. (3) I 
assume that Dr. Deslauriers excluded patients with 
superior mediastinal nodes when they were iden- 


tified at preoperative assessment by mediasti- 


noscopy. 

Dr. Deslaurier's data on apneic oxygenation are in- 
teresting, but I have reservations about the practical- 
ity of the technique. Very little time is added to the 
operative procedure when ventilation is maintained 
by intermittent intubation of the left main bronchial 
stump, either with the anesthetist's orotracheal tube 
or through a sterile set of transoperative anesthetic 
connections. From a review of the data in the manu- 
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script, I think there is undeniably some risk, how- 
ever small, in using apneic respiration that results in 
a rise of Pco, to 80 mm Hg or more and a drop in pH 
to less than 7.2. 

Three of the 4 deaths were due to local recurrence, 
and I would like to ask Dr. Deslauriers whether this 
observation has encouraged him to consider pre- 
operative or postoperative radiotherapy as part of the 
management in future patients? A number of pa- 
tients in the series were found to have metastatic 
tumor in hilar or mediastinal nodes. Were these the 
patients in whom local recurrence developed? If you 
have time in closing, Dr. Deslauriers, could you 
again summarize your criteria for the selection of pa- 
tients for this particular operation? 


DR. HERMES C. GRILLO (Boston, MA): I found this 
an extremely interesting presentation and hadn't 
planned to comment on it. At Massachusetts General 
Hospital, we usually do not extend resections for 
cancer of the lung in this way. It is done in a very rare 
case for some of the reasons brought up by the dis- 
cussants. I do think the long-term survival data pre- 
sented by Dr. Deslauriers are very interesting. 
|» lwanito comment on a couple of technical points, 
some of which have been mentioned already. One is 
that in this kind of carinal resection with a single 
lung left in continuity, whether done from the left or 
the right side—and it can be done from the left, al- 
though with considerable difficulty and with a few 
additional wrinkles which I won't go into—we have 
studiously avoided double-lumen tubes. A single- 
lumen, extra long tube with a flexible end is placed 
proximally, and we have been very pleased with the 
simplicity of placing a tube across the open thorax 
into the distal divided bronchus. It works very well 
and seems very safe. 

The second point is that by use of proximal ma- 
neuvers to remove tension, it is possible—as long as 
only a relatively short sleeve of trachea is being 
resected—to perform the operation from the left side, 
working beneath the aortic arch and, sometimes, be- 
hind the arch as well. 


DR. DESLAURIERS: Í would like to thank the di: 
cussants. We agree with Dr. Faber's indications fc 
sleeve pneumonectomy. The level of tracheal ir 
volverzent is determined by preoperative endoscop 
and st.duld not go beyond 3 cm; as mentioned by D; 
Pearsca, a gap of more than 4 cm would make a 
end-tc-end reconstruction technically difficult. I 
most cases of right upper lobe carcinoma extendin 
into tks trachea, the length of tracheal infiltration i 
less than 3 cm. 

We have performed 2 left pneumonectomies fol 
lowed two weeks later by carinal resection throug 
the rigat chest. As described by Dr. Grillo, this ca 
all be zone through a left thoracotomy but we thin 
that a .5nger segment of trachea can be removed an 
a bette> anastomosis can be done if the procedure i 
performed from the right side. 

Ir oar opinion, mediastinal node involvemer 
above the tracheobronchial angle contraindicates thi 
type oz resection. 

We zre very familiar with the work of Drs. Jensi 
and Fz»er in preoperative radiotherapy, and did nc 
use t-:s technique in our series mostly becaus 
we wece afraid of postoperative anastomotic com 
plicatimms. However, in our current approach 
more patients would benefit from postoperativ 
radiotherapy. It must be remembered: that sleev: 
pneumonectomy is a major procedure, and this cer 
tainly makes early postoperative radiotherapy dif 
ficult t: tolerate. 

The prolonged apneic oxygenation technique i 
used now in all patients. The average apneic pe 
riod is 8 to 10 minutes, but in some patients, it i 
extended up to 15 minutes. Arterial blood gase: 
should be monitored every 2 or 3 minutes ideally 
but the main indication for resuming positivi 
pressure is cardiovascular instability. 

The operative mortality has decreased in the last . 
years of the study, and among our last 12 patient 
(incluc_ng the 2 patients undergoing bilateral tho 


. racotcmy), there was only 1 operative death. Thi 
. is an acceptable mortality. The case reports presente: 


by Drs. Nelson and Ferrato are interesting and sup 
port ouv view that sleeve pneumonectomy can exten: 
the indications for resection. 


Segmental Resection for Bronchogenic Carcinoma 
Robert J. Jensik, M.D., L. Penfield Faber, M.D., and C. Frederick Kittle, M.D. 


ABSTRACT Segmental resection was perform2d on 
168 patients with peripheral, Stage I bronchogenic 
carcinoma from 1957 to July 1, 1978. Seventy-four 
patients (44%) had adenocarcinoma, 58 (34% had 
an epidermoid type, 28 (17%) had an undifferentiated 
tumor, and 8 (5%) had a bronchoalveolar variety. 
Ninety-five resections were done on the left Tung, 
the most frequent procedure being removal oZ the 
superior division of the left upper lobe (38 patients). 
On the right side, 73 resections were done. The an- 
terior segment was removed most frequently (18 pa- 
tients). | 

There were 3 surgical deaths, for a mortality of less 
than 296. Complications requiring prolonged hos- 
pitalization were associated with air leak in 10 6%) 
of the 168 patients. 

Survival by actuarial curve is 53% at 5 years, 33% 
at 10 years, and 25% at 15 years. Forty-five pati2nts 
(27%) died of metastatic carcinoma. Patients with 
epidermoid lesions have the most favorable prog- 
nosis. 


At present, there is controversy concerning the 
role of segmentectomy in the surgical manaze- 
ment of bronchogenic carcinoma. In contrasi to 
lobectomy, segmentectomy, as a lung-spar-ng 
procedure, is probably technically more dif- 
ficult and may be associated with greater pcst- 
operative morbidity. It does result in a better 
quality of survival for patients with decreased 
pulmonary function and may provide adequate 
pulmonary reserve to permit a second resection 
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in those patients unfortunate enough to have a 
second primary tumor. 

Ninety-nine patients were added to the 69 
patients in our original report [2]. This makes a 
total of 168 patients who underwent limited or 
segmental resection as a curative procedure 
during 1957 to July 1, 1978. All the patients were 
placed in the Stage I category although staging 
was done retrospectively for those patients seen 
before 1976. Initially, staging was not based on 
complete mediastinal node dissection, but in 
the review of operative and pathological re- 
ports, it was possible to obtain information on 
the size of the tumor and the status of lymph 
nodes at the segmental, bronchial, and hilar 
levels. If there was no visible or palpable 
adenopathy in the mediastinum, the area was 
considered negative. Lymph node metastasis 
was identified in only 11 patients (796) but was 
described as located adjacent to the tumor or at 
the segmental level. 

In 124 patients, the lesion was described as 3 
cm or less, corresponding to a T1 classification. 
In 41 patients, the tumor measured more than 3 
cm and corresponded to a T2 lesion. In 3 pa- 
tients who had received preoperative irradia- 
tion, no residual tumor was present for mea- 
surement. | 

Of the 11 patients with nodal metastasis, 6 
had T2 lesions. However, interpreting N1 as 
referring to the ipsilateral hilar region, we con- 
sidered these patients to be in Stage I. If N1 is to 
include nodal metastasis at the peripheral level 
(subsegmental or segmental bronchus), then 
the correct category for these 6 patients with T2 
lesions would be Stage II [1]. 

The decision to carry out segmental resection 
was made at the time of thoracotomy and was 
based on the location of the tumor and the pres- 
ence or absence of lobar or hilar lymph node 
involvement. The location of the tumor in the 
periphery of the lung and the absence of lobar 
or mediastinal node involvement were the main 
criteria for committing a patient to a limited re- 
sective procedure. 
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Material 

There were 57 women and 111 men ranging in 
age from the fourth decade to the ninth. Three 
women were 30 to 40 years old; 2 women and 4 
men, 40 to 50 years old; 19 women and 24 men, 
50 to 60 years old; 21 women and 48 men, 60 to 
70 years old; 11 women and 31 men, 70 to 80 
years old; and 1 woman and 4 men, 80 to 90 
years old. With the additional 99 patients, the 
ratio of men to women is now approaching 2:1 
compared with 4:1 in the previous report [2]. 
Forty-seven patients (28%) were 70 years old or 
older. 

The cell types included the following: 
adenocarcinoma, 74 patients (44%); epider- 
moid, 58 patients (3496); undifferentiated, 28 
patients (1796); and bronchoalveolar, 8 patients 
(5%). Undifferentiated tumors were classed as 
such because of lack of adequate differentiation 
to identify the tumor as either epidermoid or 
glandular. Some of these were probably large 
cell, and 3 were described as small cell types. 

From the standpoint of general clinical as- 
sessment, 118 patients (70%) were considered 
to have evidence of a serious medical problem. 
These problems were notable cardiovascular or 


Fig 1. Types of segmental resection done in the left 
lung. 


renal Œsease, chronic obstructive pulmonary 
disease with pronounced reduction in pulmo- 
nary function, and miscellaneous problems, 
such as previous tuberculosis or previous ma- 
lignancy. 


Types <> Resections 

The vacious types of segmental procedures are 
shown :n Figures 1 and 2, corresponding to the 
left sice (95 resections) and the right side (73 
resecticns). The most frequent limited resection 
on the left side was performed on the superior 
divisica of the left upper lobe (38), with the 
lingula (18) and the apical posterior segment 
(15) following in sequence. On the right side, 
the an=rior segment of the upper lobe (19) was 
the sitz most frequently resected, with the pos- 
terior (14) and the combined apical and poste- 
rior sezments (13) the next most frequent. 

In nine instances, six on the left side and 
three on the right, segments or subsegments 
in adjacent lobes were removed because of 
tumor extension across the fissure. 


Surgical Mortality and Morbidity 

There were 3 surgical deaths occurring at one 
day, six days, and two weeks postoperatively, 
for a mortality rate of less than 296. They were 
due t myocardial infarct, cardiac failure, and 
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Fig 2. Types of segmental resection done in the right 
lung. 


stroke. The patients were 57, 64, and 78 years of 
age, respectively. 

Fourteen patients experienced complications: 
postoperative hemorrhage, persistent air leak, 
postoperative pneumonia, and need for 
tracheostomy. Postoperative hemorrhage oc- 
curred in only 1 patient and was controlled by 
reexploration. Persistent air leak was a problem 
in 10 patients, fewer than expected in view of 
the emphysematous tissue present in the 
majority of patients. In 2 of the patients with 
protracted air leak, completion lobectomy was 
done to control the complication. One patient 
was discharged with a chest tube, which 
eventually removed after 1 month. An 
pyema developed in 1 patient, which was 
subsequently managed with irrigation and 
antibiotics. Two patients had a persistent 
pneumothorax space, which obliterated itself, 
and the other 4 patients eventually stopped 
leaking between three to four weeks post- 
operatively. Two patients required trache- 
ostomy, and 1 patient had postoperative 
pneumonia necessitating three weeks’ hospi- 
talization. 


was 
em. 





One of the 10 patients with air leak was an 
obese, 56-year-old man who had dyspnea on 
exertion and a maximum breathing capacity 
that was 22% of normal. Chest roentgenograms 
(Fig 3) demonstrated the lesion in the apical 
posterior segment of the left upper lobe, and 
because of his extremely poor pulmonary 
status, only this segment was removed. The le- 
sion was described as an epidermoid carcinoma 
measuring 3 cm in diameter; lymph nodes were 
free from metastatic disease. A recurrent 
pneumothorax and profound subcutaneous em- 
physema developed following removal of the 
chest tubes (Fig 4), but the problem was con- 
trolled by repeat intercostal tube placement. 
The patient was discharged from the hospital 
on the thirteenth postoperative day, and as of 
December, 1978, had remained free from recur- 
rent cancer for more than 13 years since seg- 
mentectomy. 

The 10 patients with air leak (696) were hos- 
pitalized for from three to four weeks compared 
with seven to twelve days, similar to that for 
lobectomy. 


Results 
Survival of 168 patients undergoing limited 
segmental resection for peripheral, Stage I lung 
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Fig 3. (A) Posteroanterior and (B) lateral chest roent- 
genograms showing left upper lobe density. 
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Fig 4. Posteroanterior chest roentgenograms made (A) 
four days (subcutaneous emphysema) and (B) 12 years 7 
months after operation. 


cancer during the years 1957 to July, 1978, is 
53% at 5 years, 33% at 10 years, and 25% at 15 
years, utilizing standard life-table analysis pro- 
cedures (Fig 5) [5]. Similar life-table analysis 
was applied to the 69 patients in our first report 
(1957 through December, 1972) [2], and survival 
at 5, 10, and 15 years is shown in the inset in 
Figure 5. Survival data closely resemble the re- 
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sults in the earlier report although more than 
twice the number of patients now constitute the 
study. 

The results can also be reported on the basis 
of living patients or patients in the total group 
operated on prior to July 1, 1973, who have sur- 
vived 5 years or longer. As of that date, there 
were 29 alive and 15 who had lived more than 5 
years, for a total of 44 patients out of 79 under- 
going limited resection. This represents a 56% 
5-year salvage by standard calculation. 

As of July 1, 1978, there are 94 survivors out 
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Fig 5. Survival among 168 patients with peripheral, 
Stage I bronchogenic carcinoma who underwent seg- 
mental resection within the period 1957 to July, 1978. 
The inset shows life-table analysis for the first 69 pa- 
tients seen (1957 through December, 1972). 


of the 168 patients. Cause of death was ob- 
tained in all but 4 of the 74 who died. Nineteen 
died of cardiovascular problems, 3 of miscel- 
laneous problems (liver failure, gastrointestinal 
hemorrhage, respiratory failure), 3 of other 
malignancy (colon, bladder, lymphoma), and 45 
of recurrent carcinoma. The 3 postoperative 
deaths were related to cardiovascular problems, 
and in the 45 patients (27%) who died of recur- 
rent carcinoma, the manifestations were gener- 
alized in 29 (17%) and local in 16 (10%), i.e., in 
the same lobe, the mediastinum, or both sites. 


Comment 

Whether this surgical approach is a justifiable 
procedure depends on comparison with results 
achieved by lobectomy. Shields [6] lists 5-year 
survival data from thirteen groups, and the re- 
sults ranged from 12.5 to 4296 following lobec- 
tomy. Wilkins and colleagues [7] reported a 
cumulative survival of 32.896 following lobec- 
tomy for the period 1961 to 1970. However, 
during the period 1964 to 1970, the survival for 
segmentectomy was 44.5% (9 patients) versus 
35.2% for lobectomy (159 patients). The few 
segmental resections, however, are insufficient 
for statistical significance. 

The survival data listed in our study exceed 
those reported from representative centers. 
However, staging of the disease was not de- 
scribed in those reports and presumably was 
not done. 


In contrast, Martini and Beattie [3] reported a 
cumulative survival of 85% at 3 years in 115 
patients with Stage I lung cancer who under- 
went surgical resection (74 patients) or surgical 
resection plus adjuvant therapy (41). More than 
50% of the patients (63) had T2 lesions (more 
than 3 cm in diameter). Because of the size of 
the lesion, any resection less than lobectomy 
may not have been feasible. Of the procedures 
performed, 98 involved lobectomy and only 11 
were wedge resection or segmentectomy, the 
latter done in patients with small, peripheral 
tumors and limited lung capacity. The survi- 
val achieved, however, is exceptional and sur- 
passes the 60% 3-year level of our own report. 

Mountain and Hermes [4] reported a 53% 
5-year cumulative survival in 330 patients with 
Stage I lung cancer who underwent resection, 
although there is no breakdown as to the type 
of resection performed. However, cumulative 
survival at 5 years in 24 patients with less than 
lobe resection was 60% compared with 45% in 
111 patients undergoing lobectomy during the 
years 1948 to 1974.* The latter data are not based 
on postoperative treatment staging, however. 

The relatively constant survival data achieved 
over the past 21 years with results exceeding 
those for lobectomy reported from most other 
centers suggest that segmental resection is a 
valid, justifiable procedure. This is especially 
true when it is utilized in the type of patients in 
our study, 28% of whom were more than 70 
years old and 70% of whom had evidence of 
equivocal cardiovascular status or moderate to 
severe evidence of chronic obstructive pulmo- 
nary disease. The low surgical mortality of less 
than 2% may reflect the benefit of preserving as 
much lung tissue as possible. The greater tech- 
nical difficulty associated with segmental pro- 
cedures is well known and is compounded 
when carried out in individuals who have 
chronic obstructive pulmonary disease with 
varying degrees of bleb or bulla formation. 

In spite of these circumstances, the incidence 
of complications of the pleural space was very 
low. In 5 of the 10 patients with air leak, the 
complication occurred after superior division 
resection of the left upper lobe. Nevertheless, 
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this was the procedure most frequently done 
(38 patients). Both completion lobectomies 
were performed in this group, but the presence 
of pronounced metaplasia and atypia at the line 
of bronchial resection—not appreciated or de- 
scribed as such in the frozen tissue report—had 
a profound influence on the decision to operate 
in 1 of these patients. Rather than treat the air 
leak problem expectantly, completion lobec- 
tomy was carried out. Management of the 3 
other patients with persistent air leak was de- 
scribed previously, and the eventual appear- 
ance of the chest roentgenogram in these 3 pa- 
tients and others undergoing superior division 
resection was very satisfactory. The reduction 
in lung volume was much less apparent com- 
pared with roentgenograms of patients who 
had total upper lobectomy. 

The other patient with an air leak problem in 
the left side (superior plus one basilar segment 
in the left lower lobe) and the 4 patients with 
the problem following right lung resection 
(right upper apical segment, 1; posterior, 1; api- 
cal and posterior, 1; and anterior, 1) required 
longer hospitalization, ranging from two to four 
weeks, with ultimate disappearance of the leak 
in 3 and obliteration of the residual space in 1. 
All in all, these complications must be consid- 
ered minor in view of the undoubted greater 
pulmonary reserve achieved by the limited type 
of resection. 

The pattern of local recurrence was variable, 
and it is impossible to reach conclusions as to 
which site had a greater incidence over another. 
In the left upper lobe, recurrence was as fol- 
lows: superior division, 3 patients of 38; lingula, 
2 of 18; anterior segment, 1 of 4; and apical 
posterior, 1 of 15. In the left lower lobe, 1 of 10 
patients had recurrence in the superior seg- 
ment. 

Of the 6 patients in whom tumor crossed the 
fissure, local recurrence developed in 3. One 
patient, 74 years old, would not have tolerated 
pneumonectomy; a second patient did undergo 
subsequent pneumonectomy but was severely 
limited in activities; and a third, a 67-year-old 
physician with severe emphysema, survived 6 
years 9 months. One of the remaining 3 patients 
died postoperatively, the second died of wide- 
spread metastasis, and the third is alive 8 years 
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Table 1. Analysis by Cell Type 
of Recurrence in 45 Patients 


Patients 
No. of with 

Ceil Type Patients Recurrence Percent 
Epidermoid 58 12 21 
Adenocar- 74 2i 28 

cinoma 
Undifferen- 28 10 36 

tiated 
Bronchoal- 8 2 25 

veolar 

Total 168 45 


8 months following resection on the left and 6 
years 8 months since segmentectomy on the 
right. 

In the right upper lobe, local recurrence was as 
follows: posterior, 1 of 14 patients, and apical, 1 
of 4. In the lower lobe, there was recurrence in 3 
of 11 patients who underwent segmentectomy 
of the superior segment. One of these patients 
lived almost 71/2 years. 

There was no local recurrence in the 3 pa- 
tients in whom tumor crossed the fissure. One 
patient died postoperatively, a second is alive 
11⁄2 years after operation, and a third remains 
free from disease 1175 years following resection 
of the combined posterior segment of the upper 
and superior segment of the lower lobes. 

An analysis of the 45 patients who died of 
cancer either as local recurrence or distant dis- 
semination was made with regard to cell type, 
site of the tumor, and size of the tumor. The 
histological pattern of the recurrences is shown 
in Table 1. Patients with undifferentiated cell 
types have the poorest prognosis: 10 of 28 
(36%) had recurrence. 

Fifteen (2196) of the 73 patients who under- 
went resection on the right side had recurrence 
and 31 (3296) of the 95 patients who had seg- 
mentectomy on the left lung (Tables 2, 3). 
There is considerable variation in the number 
of resections done in the different sites, and 
comparing recurrence rate on the basis of per- 
centages is meaningless. However, it is of 
interest that, overall, the left lung appears to 
have a greater chance for recurrence than the 
right. If anatomical sites in which at least 10 
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Table 2. Analysis by Tumor Site of Recurrence in 
Patients Who Underwent Right Lung Resection 


No. of Cancer 
Resection Site Patients Deaths Percent 
RUL apical 4 3 75 
RUL posterior 14 4 29^ 
RUL apical and 13 3 23* 
posterior 

RUL anterior 19 1 » 
RLL superior 11 3 a 
RLL basilar 9 1 11 
Cross fissure 3 0 0 

Total 72 15 21 


“Ten or more resections performed at this site. 
RUL - right upper lobe; RLL — right lower lobe. 


Table 3. Analysis by Tumor Site of Recurrence in 
Patients Who Underwent Left Lung Resection 








No. of Cancer 
Resection Site Patients Deaths Percent 
LUL superior 38 13 34? 
division 
LUL lingula 18 4 22* 
LUL apical 15 5 j3* 
posterior 
LUL anterior 4 2 50 
LLL superior divi- 10 2 20? 
sion 
LLL basilar 4 1 25 
Cross fissure 6 4 67 
Total 95 31 32 





“Ten or more resections performed at this site. 
LUL - left upper lobe; LLL — left lower lobe. 


patients underwent resection are compared. the 
recurrence rate ranges from 5 to 3496. The an- 
terior segment of the right upper lobe sFows 
the lowest percentage and the superior division 
of the left upper, the highest rate of recurrence. 

The recurrence rate as a function of tumor 
size was studied by dividing the entire g-oup 
into T1 and T2 categories. Of the 124 patients 
with T1 lesions, 30 or 2496 had recurrence. Of 
the 41 patients with T2 lesions, 13 or 3296 had 
recurrence. Although these figures suggest a 
poorer prognosis for the larger size lesions, this 
can be shown to be not significant using the 
chi-square test. 


Finally, we accept the criticism that our 
staging was not based on mediastinal node 
sampling in those patients operated on prior to 
1976. Accordingly, then, it is possible that we 
may have overlooked small foci of tumor in the 
mediastinum, which may be an explanation for 
the recurrences at that site in 16 patients. This 
could lend greater validity to the concept of 
segmentectomy for bronchogenic carcinoma 
since if such metastases were present those pa- 
tients would have been placed in Stage III and 
eliminated from the study, with the result that 
our survival data would show an even higher 
salvage. 
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Discussion 

DR. JOHN R. BENFIELD (Duarte, CA): Six years after 
their previous publication about segmental resection 
for bronchogenic carcinoma, Drs. Jensik, Faber, and 
Kittle have again made an important contribution. 
The intervening data add considerable weight to the 
thesis that there is a place for limited resection in 
selected patients. 

The consistency between the results reported in 
1973 and the current data is striking. In my view, the 
key facts are the 5396 5-year salvage rate and the 1096 
incidence of local recurrence. The group with local 
recurrence includes a subset of patients in whom 
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segments of adjacent lobes had to be removed be- 
cause of extension of tumor across the fissure. The 
rate of local recurrence was 66%. While admittedly 
only a retrospective conjecture, it is reasonable to 
assume that up to 16 of the 168 patients in this series 
would not have had local recurrence had a more 
standard operation been done. This is the fact on 
which antagonists will dwell. 

On the other hand, it is clear that the cardiores- 
piratory status and general medical status of the pa- 
tients in this series were not standard and that the 
selection of segmentectomy was probably a key fac- 
tor in achieving a mortality of less than 2%. This is a 
fact on which protagonists will dwell or which they 
will emphasize. Therefore, our goal is to find the 
proper balance of mortality risk versus benefit from 
operative choice. 

While it is clear that segmental resection can cure 
lung cancer in selected patients with bronchogenic 
carcinoma, the data do not permit us to compare the 
efficacy of segmental resection with that of lobec- 
tomy or pneumonectomy. They also do not permit us 
to conclude that wedge resection is adequate treat- 
ment for bronchogenic carcinoma. 

In effect, in the treatment of lung cancer we are at a 
point analogous to that in the treatment of breast 
cancer when some surgeons began presenting facts 
to substantiate the thesis that radical mastectomy 
was not required. I hope that we thoracic surgeons 
resolve unanswered questions on the operation of 
choice for primary lung cancer more quickly than did 
the breast surgeons with radical mastectomy. 

Should segmentectomy replace lobectomy as a 
standard operation for bronchogenic carcinoma? The 
answer is no, not yet. Should we be ready to accept 
subsegmental or wedge resection as treatment for 
primary bronchogenic carcinoma? Again, no is the 
current answer. Instead, I believe that Drs. Jensik, 
Faber, and Kittle have presented solid evidence on 
which to base a cooperative multi-institutional trial 
in which eligible, fully informed patients will be 
randomly selected for lobectomy or segmentectomy 
of primary lung cancer. 

I have two questions for Dr. Jensik: In your data 
published in 1973, there were 119 patients among 
which you judged 69 to have potentially curative re- 
section by segmentectomy. Excluding patients who 
had resection for metastatic disease, how many pa- 
tients found to be incurable have undergone seg- 
mentectomy since 1973? 

My second question is more fundamental. What 
difficulties have you and your pathologists encoun- 
tered in judging the adequacy of resected margins 
after segmentectomy for bronchogenic cancer? I ask 
this because of your rate of local recurrence and be- 
cause I believe that the key to minimizing it lies in 
the response. 

We are indebted to the Rush-Presbyterian group 
for a pacesetting contribution. Segmentectomy may 


become the operation of choice for bronchogenic car- 
cinoma in the future. Those of us who are teaching 
residents should be certain that they are comfortable 
with the operation and able to perform it correctly 
before they complete our training programs. In the 
meantime, however, let us not abandon lobectomy as 
the operation of choice for bronchogenic carcinoma. 


DR. RICHARD OVERHOLT (Boston, MA): The work of a 
tree surgeon is analogous in many respects to that of 
the pulmonary surgeon. It is easier for him to cut 
down the whole tree than to climb up and trim the 
brarches. In our work, it is easier to do a pneu- 
monectomy than remove just the lobe, and it is 
also easier to take out the lobe, providing the fissures 
are developed, than to do a segmentectomy. 

Dr. Jensik has been willing to select the more tech- 
nical and difficult operation in the interests of con- 
servation of pulmonary tissue. But, we know that 
smoke goes everywhere in the lung. These patients 
who have had a carcinoma in situ fertilized by the 
tars in tobacco smoke also develop a chemical bron- 
chitis and show structural changes in the other 
pulmonary segments. This is emphysema. Con- 
sequently we start with the problem of excising part 
of the lung in a patient whose lungs are rather se- 
verelv damaged. 

Dr. Jensik has reported that metastatic lesions de- 
veloped in the contralateral lung. I would like to ask 
whether these might not be metastatic lesions from 
the original primary but second primary lesions. I 
think that the starting time and the doubling time of 
these lesions are not equal to the starting time and 
the doubling time of the primary lesion. He also 
stated that certain patients had ipsilateral recurrence. 
If, when we approach the hilum of the lung, the 
pathologist reports there are tumor cells in the lymph 
nodes, we elect to do a lobectomy, if possible. 

In our clinic we have increased the incidence of the 
use of segmentectomy in the management of cancer. 
In the early years, almost all our patients underwent 
pneumonectomy. Then, as of the last time we re- 
viewed our figures in detail, there were a few pa- 
tients who underwent segmentectomy, more who 
had lobectomy, and less than half who underwent 
pneumonectomy. 

Recently, I looked up the last two years' experi- 
ence. In that time, we have seen 292 patients with 
carcinoma. We elected to do resection on 138, and of 
them, 64 were treated by segmentectomy, 51 by 
lobectomy, and 23 by pneumonectomy. These data 
suggest, I think, that we are seeing more patients 
earlier, more coin lesions, and more asymptomatic 
lesions, and this is fortunate. 

Two years ago in a survey of all our patients, we 
found a cure rate of 1296 with palliation. In patients 
with localized disease, with or without symptoms, 
the cure rate was 4696. In patients with asymptom- 
atic coin lesions on which we were able to operate 
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promptly, the cure rate was 66%. In these patients 
we did not use needle or brush biopsy but immedi- 
ately approached the substance that had created the 
abnormal shadow on the roentgenogram, combining 
a total biopsy with therapy. I should like to ask Dr. 
Jensik whether they employ needle or brush biopsy 
for noncalcific coin lesions in smokers? As we perfect 
the procedure, we can simplify it and go directly to 
the substance that has created the abnormal shadow. 


DR. DOV WEISSBERG (Be’er Yaakov, Israel): Some 20 
years ago there was no lesser operation for lung 
cancer than pneumonectomy. Today, many still be- 
lieve that nothing less than lobectomy is sufficient. 
Yet the remarkable survival rates reported by Dr. 
Jensik and his group indicate that conservative oper- 
ations frequently have more to offer than the radical 
ones. For some time in my clinical work, I have fol- 
lowed the same policy as Dr. Jensik because I believe 
it is a healthy approach. 

There are two types of so-called miniresections: 
segmentectomy and wedge resection. I use both. 
Although there are some theoretical disadvantages to 
a wedge resection, such as cutting across anatomical 
planes or not ligating individually all bronchioles 
and vessels, there are also some advantages to this 
less anatomical but simpler procedure. After seg- 
mental resection, a raw surface is left, with resultant 
air and blood leak, no matter how carefully all struc- 
tures are ligated. These leaks are the source of com- 
plications. Perhaps by doing wedge resections more 
often, the leaks and morbidity can be minimized. 


DR. JENSIK: I would like to thank the discussants for 
their comments. 

In answer to Dr. Benfield, the decision on the pro- 
cedure to be done depends on the clinical status of 
the patient, the location of the mass in the lobe, and 
whether lymph nodes at segmental levels are in- 
volved with metastases or not. 


Regarding the number of patients undergoing pal- 
liative resection, the total is now 76, 40 more than in 
our first report. At the suggestion of Dr. Martini, to 
avoid confusion as to what is meant by “palliative” 
resection, all these patients are considered to have 
Stage III cancer because of extension beyond the 
lung. Survival in almost all of these patients is less 
than 2 to 3 years, but 2 patients have lived more than 
5 years. 

We depend heavily on our pathologists for exam- 
ination of lymph node tissues and bronchial seg- 
ments at the level of division for cancer detection, 
and they are very accurate within the limitations of 
rapid tissue preparations for interpretation. Only 
rarely is an initial interpretation of a negative report 
changed. 

From the standpoint of local recurrence, we sus- 
pect that small or microscopic foci of metastases were 
probably present in nodal tissues in the medias- 
tinum that were not removed for histological study. 
Had this been done, those patients would have been 
placed automatically in a Stage III category and 
eliminated from the study, and our survival results 
would be better. 

Dr. Overholt raised the question about a second 
primary. If the lesion occurred in the same lobe along 
with mediastinal involvement within a 6- to 12- 
month period, I believe we should think in terms of 
recurrence. On the other hand, lesions occurring in 
another lobe ipsilateral or in the contralateral lung 
after more than 2 years are, I believe, more likely to 
be a second primary. About 596 of our total number 
of patients who had segmental procedures have had 
second primaries. 

We do resort to percutaneous needle biopsy but 
not as frequently as reported by other centers. A 
negative report does not deter us from a thoracot- 
omy but, if it is positive, the type of resection 
can be decided on very quickly at the time of 
thoracotomy. 


CASE REPORT 


Immediate Operation for Ectopia Cordis 


A. F. Jones, M.D., R. L. McGrath, M.D., 
S. M. Edwards, M.D., and J. R. Lilly, M.D. 


ABSTRACT Forty-one infants with thoracoab- 
dominal ectopia cordis have been reported to date; 9 
of them survived. Among the patients with an om- 
phalocele as the abdominal wall defect, however, 
only 2 survived. Death in this group of patients oc- 
curred almost exclusively as a consequence of either 
attempted coverage of the heart or secondary to the 
associated intracardiac lesion. We report here the 
case of a patient recently treated in whom coverage 
with a temporary Silastic prosthesis protected the 
exposed heart from infection and rupture of the sac, 
thus permitting full cardiac investigation before op- 


eration. 


Thoracoabdominal ectopia cordis is a constella- 
tion of five malformations: midline supraum- 
bilical abdominal wall defect, defect of the 
lower sternum, deficiency of the anterior dia- 
phragm, deficiency of the diaphragmatic 
pericardium, and intracardiac defect [1]. The 
syndrome was reviewed in 1972 by Toyama [6], 
who called attention to the poor prognosis. Of 
41 patients reported, only 9 experienced long- 
term survival [5-7].* When the abdominal wall 
defect was an omphalocele, the outlook was 
even more dismal because of the additional 
technical problems imposed by providing cov- 
erage for the exposed heart. 

If the technical difficulties can be sur- 
mounted, the ultimate prognosis depends on 
the severity of the cardiac malformation. Con- 
sequently, early and precise delineation of the 
intracardiac lesion and careful consideration to 
its repair are of crucial importance. In the past, 
the urgency to provide coverage of the exposed 
heart resulted in postponement of the cardiac 
workup. In a recently treated patient with ec- 
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topia cordis and omphalocele, the time re- 
quired for cardiac investigation was provided 
by covering the heart with a temporary Silastic 
prosthesis. With the risk of infection and rup- 
ture of the sac thus avoided, a thorough and 
unhurried evaluation of the intracardiac lesion 
was realized, and the parents were permitted to 
participate in a meaningful operative decision. 


A 3,300 gm male infant was born to a gravida I 
para 1 20-year-old woman after an uncompli- 
cated 40-week pregnancy and spontaneous 
delivery. There was a 5 X 5 cm midline 
thoracoabdominal wall defect extending from 
the lower sternal border to the umbilicus. The 
defect was covered by a thin, transparent mem- 
brane, which was torn in one spot. Cardiac 
ventricles were seen beating in the sac and 
protruded 3 cm above the abdominal wall (Fig 
1). 

The infant was vigorous but cyanotic with 
crving. There was a normal single first heart 
sound and a single second heart sound at the 
base of the heart with a grade 2/6 holosystolic 
murmur. Chest roentgenogram showed in- 
trathoracic enlargement of the right atrial bor- 
der and decreased pulmonary vascularity. 

Operation was performed on the first day of 
life. Skin flaps, which were widely mobilized 
over the entire abdomen and approximated 
over the heart, were created. Unacceptable 
systemic hypotension from compression of the 
ventricles resulted. Therefore, a Silastic pouch 
was fashioned over the exposed heart and at- 
tached to the fasciocutaneous defect (Fig 2). 
This was well tolerated. 

Diagnostic workup of the intracardiac defect 
was begun postoperatively. A frontal plane 
electrocardiogram showed a mean QRS axis of 
+120 degrees. Echocardiogram demonstrated 
both atrioventricular valves in the chest and 
one great vessel. Pulmonary valve atresia, ven- 
tricular septal defect, and a strikingly elongated 
ascending aorta (Fig 3) were found at cardiac 
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Fig 1. Thoracoabdominal ectopia cordis with protrusion 
of both ventricles into the omphalocele. There is a clip 
on the umbilical cord; the infant's head is to the right. 





Fig 2. Temporary coverage of the heart achieved with a 
Silastic prosthesis. The infant's head is toward the top 
of the photograph. 


catheterization. A patent ductus arteriosus 
filled the pulmonary arteries. 

The cardiac defect, combined with the prob- 
lem of ectopia cordis, was considered formida- 
ble, and the parents decided against an heroic 
operation. Consequently, the Silastic pouch 
was replaced with sterile dressings and the in- 
fant was discharged home at the parents’ re- 
quest. During the next two months, the child 
did surprisingly well. Cyanosis with crying was 
only rarely present. A pseudomembrane of in- 
flammatory tissue covered the heart. 







anterior 


sett chest wall 


patent ductus 
arteriosus 


left 
ventricle 


Fig 3. Lateral view of the left ventricular angiogram. 
Most of the left ventricle is shown outside the thoracic 
and abdominal cavities (arrows). Note the strikingly 
elongated ascending aorta and the relationship of the 
diaphragm to the heart. Relocation of the heart to a 
normal position, therefore, would be impossible. The 
large patent ductus arteriosus is indicated by an arrow. 


When the baby was 21⁄2 months old, an ulcer 
developed in the pseudomembrane overlying 
the left ventricle. Because of concern that pene- 
tration of the ulcer would erode through the 
ventricular wall and because of the stable car- 
diac situation, operative construction of a per- 
manent closure over the exposed heart was at- 
tempted. During the initial dissection of the 
inflammatory tissue from the underlying ven- 
tricle, a rent was made in the heart. Bleeding 
was controlled, but effective cardiac output 
was never restored and the infant died. 

Postmortem examination confirmed the clini- 
cal diagnosis of pulmonary valve atresia and 
ventricular septal defect. The patent ductus ar- 
teriosus was approximately ten times the 
diameter of the hypoplastic main pulmonary 
artery. Most of the long tubular ventricles pro- 
truded out of the chest. No malformations sepa- 
rate from this syndrome were identified. 


Comment 


Forty-two cases of the complete syndrome of 
thoracoabdominal ectopia cordis have now 
been reported [5-7].* Toyama [7] reported 17 
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additional patients in whom the syndrome was 
suspected but for whom adequate information 
was lacking. 

Cantrell [1], Mulder [3], and their co-workers 
called attention to the intracardiac defect as the 
prime determinant of prognosis. Ventricular 
septal defect was the most common malforma- 
tion and has occurred in 31 of the 41 patients 
[5—7].* Atrial septal defect was present in 20 
[5-7]. However, more complex lesions, less 
amenable to repair, were not unusual. 

As we mentioned previously, the presence of 
an omphalocele also has an important effect on 
survival. Of 13 patients with umbilical hernia 
or diastasis recti, 6 survived at least 2 years [5, 
6]. On the other hand, of 28 with omphalocele, 
only 2 were reported alive at 2 years [3].* The 
high mortality in patients with an omphalocele 
has been almost exclusively a consequence of 
attempts at operative coverage of the heart. At 
least 7 patients were reported to have died of 
cardiac or respiratory failure in the immediate 
postnatal period after either reduction of the 
heart or coverage with skin flaps [6, 7].* 

Recently, temporary closure of omphaloceles 
with synthetic material has protected the ab- 
dominal viscera from infection while allowing 
their gradual reduction [4]. Separation of the 
prosthesis and increased risk of infection occur 
after ten days. Therefore, definitive closure 
should be done before that time. 

In our patient, similar coverage of the heart 
with a Silastic pouch was successful in pre- 
venting infection and permitting a careful 
diagnostic approach to the underlying intracar- 
diac lesion. Because the severity of the cardiac 
malformation was overestimated, however, de- 
finitive repair was not attempted during the 
infection-free, ten-day period. Consequently, 
we would recommend the following overall 
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surgical approach for infants with ectopia cor- 
dis and omphalocele: 


(1) Temporary coverage of the heart with a 
Silastic prosthesis. 

(2) Complete diagnostic workup and, when 
feasible, consideration for repair of asso- 
ciated intracardiac malformations. 
Permanent reconstruction of the thoracoab- 
dominal defect. We planned to use an 
acrylic prosthesis. Koop* suggested detach- 
ing the anterior diaphragm from the thorax 
and reattaching it to the abdominal wall. 
Eraklis and co-workers [2] used pericardial 
and diaphragmatic remnants. Whatever 
surgical repair is elected, it should be accom- 
plished during the first ten days of life. 


(3 


— 


References 


1. Cantrell JR, Haller JA, Ravitch MM: A syndrome 
of congenital defects involving the abdominal 
wall, sternum, diaphragm, pericardium, and 
heart. Surg Gynecol Obstet 107:602, 1958 

2. Eraklis AJ, Trump DS, Longino LS: Omphalocele 
with diaphragmatic and pericardial defects: diag- 
nosis and repair. J Pediatr Surg 2:354, 1967 

3. Mulder DG, Crittenden IH, Adams FH: Complete 
repair of a syndrome of congenital defects in- 
volving the abdominal wall, sternum, diaphragm, 
pericardium, and heart; excision of left ventricular 
diverticulum. Ann Surg 151:113, 1960 

4. Schuster SR: A new method for the staged repair 
of large omphaloceles. Surg Gynecol Obstet 
125:837, 1967 

5. Spitz L, Bloon KR, Milner S, et al: Combined an- 
terior abdominal wall, sternal, diaphragmatic, 
pericardial and intracardiac defects. J Pediatr Surg 
10:491, 1975 

6. Toyama WM: Combined congenital defects of the 
anterior abdominal wall, sternum, diaphragm, 
pericardium, and heart. Pediatrics 50:778, 1972 

7. Van der Horst RL, Milha AS, Chiesler E: Ectopia 
cordis with single ventricle and a diverticulum. 5 
Afr Med J 49:109, 1975 


*Koop CE: Personal communication, 1978. 


NOTES 


Evaluation of a New Cardiotomy Blood Filter 


R. Thomas Solis, M.D., and Janet Horak, M.T. 


ABSTRACT A new cardiotomy blood filter with a 
polycarbonate body, a polyester prefilter, and a 
nylon screen with 20 u pores was compared with 
four other commercially available filters. The Op- 
tigard filter was found to function as a “surface fil- 
ter,” which effectively removes blood particles 
larger than its nominal pore size. 


Particulate microembolization during cardio- 
pulmonary bypass results primarily from in- 
fusion of aggregated platelets and other par- 
ticulate debris in blood returning to the patient 
through the cardiotomy reservoir system [1]. In 
previous in vitro studies we evaluated the fil- 
tration efficiency of four commercially available 
microemboli in-line blood filters with an elec- 
tronic particle-size analyzer [2]. Recently, a new 
cardiotomy blood filter has become commer- 
cially available. It has a polycarbonate body and 
filter material consisting of a polyester prefilter 
and a nylon screen with 20 u pores.* We com- 
pared the filtration efficiency of the Optigard 
filter with that of the four other commercially 
available filters using the previously described 
methods. 

Approximately 600 ml of pooled, type O, 
outdated, stored, human blood, which had 
been prefiltered through a gross clot filter, was 
allowed to pass through each of the filters by 
gravity. Aliquots of blood for particle analysis 
were obtained before and after passage of 500 
ml through ten of each of the filters being 
tested. The mean percent of particles remaining 
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"Optigard, Cobe Laboratories Inc., Lakewood, CO. 


in the blood after filtration in each of ten differ- 
ent sizes ranging from 13 to 101 yp in particle 
diameter was determined. The significance of 
differences in particle removal by the various 
fillers was determined using simultaneous 
nonpaired t tests and nonpaired f tests. 
Gravity flow rates of blood through all the 
filter types were comparable. There was no sig- 
nificant difference between any of the filters 
tested comparing the percent removal of parti- 
cles larger than 40 u in diameter. However, the 
filters differed in their ability to remove parti- 
cles 40 u in diameter and smaller (Figure). As 
we noted previously [2], the most effective fil- 
ters for removing the smaller particles were the 
Swank and Intersept, while the Ultipor and 
Polyfilter were least effective. The Optigard fil- 
ter was intermediate in filtration efficiency. It 


Mean percent of particles remaining after filtration of 
pooled, outdated, stored, human blood plotted against 
particle diameter in us. The filters tested were: Ultipor 
blood filter for extracorporeal service, Pall Biomedical 
Products Corp., Glen Cove, NY (u); Polyfilter bypass 
blood filter, PF 427, Bentley Laboratories, Inc., Irvine, 
CA (#); Optigard extracorporeal cardiotomy blood 
filter, P45-750, Cobe Laboratories, Inc., Lakewood, CO 
(0); Intersept extracorporeal cardiotomy blood filter, 
Johnson & Johnson, New Brunswick, N] (+); and 
Swank blood microemboli filter, CA 100, Pioneer Filters, 
Inc., Beaverton, OR (x). 
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was as effective as the Swank and Intersept fil- "surface filter," effectively removing blooc 
ters with particles 32 „u in diameter and larger, particles larger than its nominal pore size. © 
but was significantly less effective with diame- . 

ters of 25 u and smaller. Compared with the References 

Polyfilter, the Optigard was more efficient at L Sclis RT, Noon GP, Beall AC Jr, et al: Particulate 


; i .  miücroembolism during cardiac operation. Anr 
removal of particles with diameters of 40 to 20 Thorac Surg 17:332, 1974 


#, but with diameters of less than 20 u there 9 Solis RT, Scott MA, Kennedy PS, et al: Filtration o 
was no significant difference. These results cardiotomy reservoir blood. J Extra Corp Tec 
confirm that the Optigard filter functions as a 8:59, 1976 


A Lung Clamp for Use with Mechanical Staplers 


John D. Harrah, M.D. 


ABSTRACT A special lung clamp has been de- 
veloped for use with mechanical stapling devices. 
These stapling instruments have been adopted 


widely for pulmonary operations. A variety of 


clamps has been used to grasp the pulmonary tissue. 
The present instrument was designed with vertical 
grooves and fine tapered spikes with opposing holes 
in the jaws of the clamp. This particular lung clamp 
overcomes the problem of slippage previously en- 
countered when performing pulmonary resections 
with stapling devices. 


Mechanical stapling devices were described by 
de Petz [2, 3] in the 1920s. The currently avail- 
able stapling instruments have found a wide 
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Use of the special lung clamp with a mechanical sta- 
pling device. The clamp is shown in detail in the inset. 





and satisfactory application in pulmonary oper- 
ations [1, 5], and the usefulness of these linear 
devices (TA-30, 55, and 90) in the resection of 
pulmonary tissue is well established [4, 6]. 

Babcock, Kelly, and Kocher clamps are used 
to grasp pulmonary tissue. Unfortunately, they 
do not always hold adequately. À special lung 
clamp has been designed and developed to 
overcome this problem. The clamp has vertical 
grooves and fine tapered spikes with opposing 
holes in the jaws of the clamp. The fine-tooth 
concept has been previously utilized in the 
right-angle Sarot bronchus clamp. 

Use of the lung clamp with the stapling de- 
vice is demonstrated in the Figure. The seg- 
ment of pulmonary tissue to be resected is 
grasped with the clamp. The lung tissue is then 
slipped into the jaws of the stapling device, and 
the staples are engaged, performing a hemosta- 
tic, air-tight closure. The specimen is removed 
by incising the lung tissue between the clamp 
and the stapling device. 


Line of incision 
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This special lung clamp was developed for 
use in wedge resections and resection of blebs 
when mechanical staplers are employed. It pre- 
vents slippage, which often occurs when pul- 
monary resections are performed with me- 
chanical stapling devices. 
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CORRESPONDENCE 


Recertification and Continuing Educatior 
To the Editor: 


Nonemergency decisions that alter conditions under 
which all thoracic surgeons must practice shoald be 
made by all practicing thoracic surgeons. For 2xam- 
ple, the entire membership of the Society of Troracic 
Surgeons should be involved in determining tae So- 
ciety's policy on recertification and mandator- con- 
tinuing education. It must be obvious that suca, new 
requirements have maximal.impact on ycunger 
thoracic surgeons in private practice, while the have 
essentially no effect on older surgeons holding 
teaching positions (namely, our leaders who make 
these decisions for us). 

After we have spent half our bs in professional 
training, it seems to me that the fondest hope of our 
- former teachers should be that we surpass them as 
soon as possible and lead the field in our turn. 
Once in practice, our primary responsibility isto our 
patients, not to older surgeons who wish to rezertify 
us or run meetings that we must attend. At present, 
attendance or absence is the only manner in which 
the average member can effectively "grade' any 
course or meeting. Have we been grading too 
harshly? 

Neither recertification nor mandatory continuing 
education has ever been shown to have any effect on 
the quality of patient care delivered. At best, these 
requirements are a nuisance; at worst, they easily 
become a major entry for harassment by attorneys 
and bureaucrats. Our fundamental purpose is ckillful 
delivery of proved remedies for well-defined cisease 
conditions. How, then, can the Society of Troracic 
Surgeons force burdensome remedies of such 
doubtful value upon us and explain the action >n the 
fearful premise, that “if we don't do it to ourselves, 
THEY will do it to us." 

Consider.for a moment whether it is reasonable to 
stop a surgeon during his most productive years of 
practice merely because he does not have an insig- 
nificant piece of paper. It is between unlike:y and 
inconceivable that any recertification process, 2xcept 
exhaustive patient-care outcome analysis, w:ll test 
fairly the capabilities and skills of any practicing 
chest surgeon, especially in light of the wide variety 
of training programs and the many limitations of 
personal interest, skill, and referral patterns to which 
all practitioners are subject. 

Remember also that medical doctors on a hospital 
staff can now be sued as a group if "a known incom- 
petent," permitted to practice within the hospital 
"despite inadequate credentials," has one or more 
poor results. Of course, if medical staff or hospital 
administration were to revoke said hospital priv- 
ileges for failure to comply with meaningless ongo- 
ing education or recertification requirements, any 
surgeon might also reasonably be expected -o sue 
staff or administration. Are you aware that in some 


states a physician must open his private records to 
any bureaucrat who challenges his compilation of 
continuing education credits? 

How will it go in court when the question is asked: 
“Doctor: Do you admit that you have not even com- 
plied with the basic educational minimums estab- 
lished and required by your own surgical society?" 
Try then to explain to the jurors that these are un- 
proven criteria introduced by the Society of Thoracic 
Surgeons to avoid a confrontation. A doubtful story? 

It verges on hypocrisy to allege that younger mem- 
bers have agreed or volunteered to try for recertifica- 
tion on the basis of a signed agreement required of 
them under duress, before they are allowed to take the 
Board examination. It is also unreasonable to state 
that they have the option of not trying for Board Cer- 
tification if they do not care to live by this "volun- 
tary” agreement. 

This is not a time for obligating ourselves to jump 
through any additional meaningless hoops. I hope 
the Society will increase its efforts to share with 
younger members more real responsibility, espe- 
cially in policy decisions that surely will direct and 
control surgical practice in the future. 

I therefore move that this Society vigorously op- 
pose all mandatory requirements for recertification 
or continuing medical education since they are un- 
proved remedies for undefined problems: Further, that 
we present this new position in a positive manner by 
reemphasizing our ongoing commitment to post- 
graduate education and to discreet peer review of 
surgical competence and the actual results of our 
patient-care activities. I request that this motion be 
presented and discussed at the next annual meeting. 


Arndt Von Hippel, M.D. 


1649 Bannister Dr | | 
Anchorage, AK 99504 > $ a 


Reply 

To the Editor: 

Dr. Von Hippel’s letter raises the question of 
whether the Society of Thoracic. Surgeons should 
support the concept of recertification. Certainly the 
Society is entitled to take a position on this issue and 
ample: time will be allocated at the next annual 
meeting for discussion of this important question. 
Nevertheless, it should be pointed out that the final 
decision regarding recertification of thoracic sur- 
geons is entirely the prerogative of the American 
Board of Thoracic Surgery, which issued the’ ‘original 
certificates. 


Paul C. Adkins, M. D. ; 
President, The Society of Thoracic Suvecons 


2150 Pennsylvania Ave, NW 
Washington, DC 20037 
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Resectability with Impaired 
Pulmonary Function 


To the Editor: 

After reviewing the paper “Extending Resectability 
for Carcinoma of the Lung in Patients with Impaired 
Pulmonary Function" by Drs. Peters, Clausen, and 
Tisi (Ann Thorac Surg 26:250, 1978), and its discus- 
sion, I realized that I disagree with many of the' 
statements and conclusions. A number of years ago, 
I[3] evaluated and reported my experience, which led 
me to the conclusion that the most discriminating test 
for predicting a patient's ability to withstand pulmo- 
nary resection is determination of pulmonary artery 
pressure. I did not find that timed vital capacity, 
vital capacity, or other ventilatory tests were reliable 
indicators preoperatively. Furthermore, other tests 
such as electrocardiography and exercise tolerance 
were of little assistance. Subsequent experience has 
confirmed these original observations. 

In a previous study, I [1] did not find an absolute 
correlation between the amount of lung resected and 
ventilatory disability. In my experience, resection of 
one to seven segments yielded the same effects. AII 
patients who had exploratory thoracotomy without 
pulmor.ary resection or with resection of less than 
eight segments behaved in a similar manner. Ven- 
tilatory capacity returned to preoperative levels only 
after approximately six weeks. Bilateral thoracotomy 
produced qualitatively similar results but quantita- 
tively twice the disability [2]. The type of incision 
did not influence results, and use of antibiotics, an- 
algesics, physiotherapy, blow bottles, and psycho- 
logical encouragement did not affect the recovery 
rate. In a later study, I [4] was unable to demon- 
strate that recent preoperative smoking had a del- 
eterious effect on results. 

I agree with Drs. Peters, Clausen, and Tisi that 
"Differences in patient populations . . . make it dif- 
ficult to draw meaningful conclusions . . ." unless 
criteria are carefully established and results are sub- 
jected to careful statistical analysis. 

Although many of the suggestions made by Dr. 
Peters and co-workers regarding preoperative, in- 
traoperative, and postoperative management of 
patients with poor cardiorespiratory reserve are 
philosophically attractive, there unfortunately is little 
objective evidence that they are of value. 


David V. Pecora, M.D. 


Surgicai Service, Veterans Administration, VA Center 
1600 Kirkwood Hwy 
Wilmington, DE 19805 
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Reply 

Dr. Peczora [2] cited one of his studies as the basis fo: 
his discussion of our preoperative evaluation of pa 
tients who are candidates for pulmonary resection 
The me-hods for measuring pulmonary function art 
different from those we used. Also, the patients re 
ported had about 60% of normal as the lowest 3- 
second -imed vital capacity. This is probably highe 
than the value we used to classify patients as higl 
risk except for the best 5 or 6 patients in our poo! 
functior. group. It suggests his patients were not a: 
disablec as ours. None of us knows the exact predict 
ability of these tests because we did not operate or 
all patients regardless of functional level. Measure 
ment of pulmonary artery pressure at rest was no 
discrira:natory in the study by Fee and co-worker: 
[1], but with exercise stress was useful. We woulc 
agree that pulmonary artery pressure measurement: 
made during exercise contribute additional informa: 
tion. Q7 course, the test should be done preopera 
tively, rot intraoperatively. 

The -:ailure to show correlation between “the 
amount of lung resected and ventilatory disability” is 
evidence of the importance of chest cage function, 
which we stress in our discussion. It may be true ir 
Delaware that postoperative care is either of no im- 
portanc2 or cannot be demonstrated to be effective 
Despite Dr. Pecora's contention, we do not intend tc 
do a dcuble blind study to prove “objectively” the 
benefits of treatment that makes good sense from ar 
understanding of the physiological derangement: 
produced by pulmonary resection. 


Richard M. Peters, M.D. 


Division of Cardiothoracic Surgery 

University of California Medical 
Cente-, San Diego 

225 W Dickinson St 

San Diez0, CA 92103 
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Aortopulmonary Window 
To the Editor: 
I read with interest the article "Aortopulmonary 
Window: A New Operative Approach", by Dr. 
Johansson and associates (Ann Thorac Surg 25:564, 
1978) and was particularly amazed by the use of the 
word new. In 1968, my colleagues and | described 
exactly the same technique in the French journal An- 
nales de Chirurgie thoracique et cardio-vasculaire [1]. 
It is regrettable that, once again, English-speaking 
authors have neglected completely the French surgi- 
cal literature. If they had not done so, Dr. Johansson 
and co-workers would not have described as “new” a 
technique initially reported eleven years ago. 


E. Négre, M.D. 


Clinique Chirurgicale 

Thoracique et Cardio-Vasculaire 

Centre Hospitalier et Universitaire 
de Montpellier 

34059 Montpellier, France 


Reference. 


1. Négre E, Chaptal PA, Mary H: Fistules aorto- 
pulmonaires: détails techniques de leur ferme- 
ture. Ànn Chir Thorac Cardiovasc 65:7, 1968 


Reply 

To the Editor: 

Prof. Négre is quite right; he described essentially 
the same operation in Annales de Chirurgie thoracique 
et cardio-vasculaire in 1968. To our chagrin, it was 
also described by Prof. W. Bircks in Düsseldorf in a 
German textbook published in 1967. 


Although I deplore these oversights, the matter can 
be made the subject of a discussion on principle. An 
extension of Prof. Négre’s complaint of neglecting 
the French literature is the requirement that anyone 
preparing a manuscript be proficient not only in En- 
glish, which is the major medical language, but also 
in German and French as well as Italian, Dutch, and 
the Scandinavian languages since worthwhile medi- 
cal arzicles are published in these languages, too. 

Accepting the fact that English is the major medical 
language, it becomes natural that mishaps of this 
kind will occur if the original presentation is made in 
anotFer language. Furthermore, the article will be of 
mino- value to the medical world if only a limited 
number of people can understand it. Taking this 
method of closing an aortopulmonary window as an 
examole, it is clear that the technique as described by 
Prof. Bircks or Prof. Négre has not become known 
since neither is referenced in any of the articles 
dealing with the subject. 

This discussion is worthwhile, however, since the 
truth, as far as we can ascertain, seems to have been 
estab ished. In future, it might be advisable to add a 
question mark after the word new in any title claim- 
ing a new method. Such a precaution could also serve 
as an. invitation to authors who have written previ- 
ously on the subject to make themselves known. 

Firally, I want to add that recently we operated on 
anotrer patient with an aortopulmonary window 
using the technique described by Prof. Bircks, Prof. 
Négre, and us. The patient was 4 months old at the 
time of the operation and made an uneventful recov- 


ery. 


Torke Aberg, M.D. 


Department of Thoracic Surgery 
Akademiska Sjukhuset 
Uppscla, Sweden 


REVIEW OF RECENT BOOKS 


Second Henry Ford Hospital International Sym- 
posium on Cardiac Surgery 

Edited by Julio C. Davila, M.D. 

New York, Appleton-Century-Crofts, 1977 

/32 pp, illustrated, $65.50 


Reviewed by Conrad R. Lam, M.D. 


This volume is a record of the proceedings of the 
second international symposium on surgery of the 
heart held at the Henry Ford Hospital in October, 
1975. The first symposium was held two decades 
earlier, in 1955. There are 227 contributors including 
co-authors, and 29 discussants. The material was 
presented in sixteen panel discussions, preceded by 
an introductory address entitled "Heart Surgery: A 
Legend and Another Look” by the pioneer heart sur- 
geon Dwight Harken and followed by an epilogue, 
“Whither Cardiac Surgery in the Next Quarter Cen- 
tury?" by John Kirklin. Considering the number of 
speakers and their national and international stature, 
it could logically be assumed that the field of con- 
temporary cardiac surgery was thoroughly covered in 
this symposium. 

The volume contains much of historical and per- 
sonal interest. There are several pages of candid 
photographs of participants during intermissions 
and at the banquet. One that can never be duplicated 
is a picture of the late Mrs. Edsel Ford chatting with 
Helen Taussig! There are two pages of caricatures of 
his surgical colleagues drawn by the eminent 
Japanese surgeon Shigeru Sakakibara. 

The first panel, "Reflections on the Development 
of Cardiac Surgery," consisted with one exception of 
surgeons who had participated in the previous sym- 
posium. The first panelist reminded the other par- 
ticipants of the rapid progress that has occurred in 
cardiac surgery by showing pictures of the now ob- 
solete operations that they had recommended only 
twenty years before. Like the entire volume, this 
section is profusely illustrated with reproductions of 
all slides used in the presentations. For example, 
Lord Brock had a picture of a 21-year-old cyanotic 


woman >n whom he had done his first pulmonary 
valvotory and a follow-up photograph of her and 
her 24-year-old son, born after her “Brock” opera- 
tion. 

The scope of the volume is revealed in the titles of 
the sections (panels): "Diagnostic Workshop in 
Adult Feart Disease"; “Extracorporeal Circulation 
for Card:ac Surgery”; "Anesthesia and Postoperative 
Care in Cardiac Surgery”; "Who Should Do Cardiac 
surgery and Where?"; "Embryology and Morphol- 
ogy. of Congenital Anomalies of the Heart: Diagnos- 
tic and Therapeutic Implications"; "Long-Term Re- 
sults of Surgery for Correction of Anomalies of 


‘Left-to-Right Shunts and Simple Obstructions”; 


“Surgery for Complex Anomalies with Central 
Cyanosis: Techniques and Management’; “‘Long- 
Term Results of Surgical Correction of Complex Con- 
genital Anomalies with Central Cyanosis”; "Evolu- 
tion and. Present State of Cardiac Valve Substitutes: 
Whica Valve Should I Use?"; "Long-Term Results of 
Cardiac Valve Replacement"; "Assessment and Indi- 
cations Zor Coronary Artery Surgery"; "Surgical 
Techniques and Modalities for Myocardial Revas- 
cularizat.on"; "Long-Term Results of Coronary Ar- 
tery Surgery"; "Management of Patients with Isch- 
emic Pump Failure"; and "Cardiac Substitution: 
State of the Art." 

The vclume was edited carefully, and I found only 
one erro? in the labeling of illustrations. Figure 5 in 
Harken's keynote address is not "The instant of re- 
moval of the shell fragment," but is from the article 
"Surgica. Treatment of Mitral Stenosis" by Henry 
Souttar (3r Med J 2:603, 1925)! 

The only other negative criticism I might make 
would be similar to that of the boy who returned an 
exhaustive treatise on penguins to the library with 
the comment, "There is more in this book about 
penguins than I want to know.” And the reader who 
is more interested in penguins than cardiac surgery 
is referred to a recent excellent article in American 
Scientist +65:680, Nov-Dec 1977). 
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Sunday, January 20, 1980 
Atlanta Hilton, Atlanta, GA 


General Session 


Introduction to the 1980 Postgraduate Course 
Martin McKneally, Albany, NY 


Lung Cancer: An Overview of Current Diagnostic and Therapeutic Techniques 


F. Griffith Pearson, Toronto, Ont, Canada 


Congenital Heart Surgery: Àn Overview of Current Diagnostic and Therapeutic 


Techniques 
Dwight McGoon, Rochester, MN 


Parallel Sessions 
Lung Cancer II. 


Martin McKneally, Albany, NY, Moderators 
and Tom DeMeester, Chicago, IL 


The Early Detection Program 10:00 
R. Robinson Baker, Baltimore, MD 


Staging and Preoperative Assess- 


ment 10:20 
Richard McElvein, Birmingham, AL 


Radiotherapy and Chemotherapy 
Joe! Cooper, Toronto, Ont, Canada 10:40 


Immunotherapy 
Martin McKneally, Albany, NY 


Treatment of Small Cell Cancer 11:00 


Frederick Parker, Syracuse, NY 


Questions from the floor 
11:20 


Self-assessment examination (case 
presentations) | 12:00 
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Martin McKneally, Albany, NY 


Diagnostic Evaluation of Esoph- 1:30 
ageal Reflux 
Tom DeMeester, Chicago, IL 

2:00 
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Lucius Hill, Seattle, WA 


Technical Session on Cardiac Surgery 


Robert Frater, New York, NY, and 
Daniel Ullyot, San Francisco, CA 


Technical Problems in Aortic Valve 


Replacement 
Laurence Groves, Cleveland, OH 


Technical Problems in Mitral Valve 


Replacement 
Russell Nelson, Salt Lake City, UT 


Technique of Management in Tri- 


cuspid Valve Disease 
Robert Frater, New York, NY 


Technical Problems with Dissect- 
ing Aneurysms 

Randall Griepp, Brooklyn, NY 
Questions from the floor 


Self-assessment examination (case 
presentations) 


Perioperative Management of the Pa- 
tient Undergoing Cardiothoracic Surgery 


George Kaiser, St. Louis, MO, and 
Joe Utley, San Diego, CA 


Hemodynamic Management 
John Kirklin, Birmingham, AL 


Management of Rhythm Distur- 
bances 
Nicholas Kouchoukos, Birmingham, AL 


Blood Conservation Techniques 
Joe Utley, San Diego, CA 
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Morning 


Business Meeting (members only) 


Scientific Session 


Effect of Aspirin and Persantine on Patency of Coronary Artery Bypass Grafts 
John E. Mayer, Jr., M.D., William G. Lindsay, M.D., and Demetre M. Nicoloff, M.D., Ph.D., 
Minneapolis, MN 


Spontaneous Degeneration of Porcine Xenografts 
Donald]. Magilligan, Jr., M.D., Joseph W. Lewis, Jr., M.D., and Fernando M. Jara, M.D., Detroit, MI 


Descending Aortic Aneurysmectomy without Adjuncts to Avoid Ischemia 
H. Najafi, M.D., H. Javid, M.D., J. Hunter, M.D., C. Serry, M.D., and D. Monson, M.D., Chicago, IL 


Patency and Flow Response in Endarterectomized Coronary Arteries 
M. Laxman Kamath, M.D., Fred Blau, M.D., Donald Schmidt, M.D., Linda Grzelak, M.D., and 
W. Dudley Johnson, M.D., Milwaukee, WI 


Median Sternotomy as the Standard Approach for Pulmonary Resection 
Harold C. Urschel, Jr., M.D., and Maruf A. Razzuk, M.D., Dallas, TX 


Occult Carcinomas of the Lung 
Nael Martini, M.D., and Myron R. Melamed, M.D., New York, NY 


A Coded Study of the Measurement of Antitumor Immunity to Human Lung 
Cancer 


A. O. Ayeni, M.D., D. M. P. Thomson, M.D., J. K. MacFarlane, M.D., D. Schraufnagel, M.D., 
and D. S. Mulder, M.D., Montreal, Que, Canada 


Selection by Mediastinoscopy and Long-Term Survival in Bronchial Carcinoma 
M. H. Ashraf, F.R.C.5., R. Walesby, F.R.C.S., and H. C. Nohl-Oser, F.R.C.S., Middlesex, England 


Afternoon 
Scientific Session 


Clinical and Hemodynamic Assessment of the Angell-Shiley Porcine Xenograft 
Ramiro Rivera, M.D., Carlos Infantes, M.D., Juan L. Delcan, M.D., and Mariano Rico, M.D., Madrid, 
Spain 

Long-Term Follow-up of the Bjórk-Shiley Prosthetic Valve Used in the Mitral 


Position 
Derward Lepley, ]r., M.D., Margaret Motl, M.D., Robert J. Flemma, M.D., and Donald 
C. Mullen, M.D., Milwaukee, WI 


Considerations in Selection and Management of Patients Undergoing Valve 


Replacement with Glutaraldehyde-Fixed Porcine Bioprostheses 
James Williams, M.D., Robert Karp, M.D., John Kirklin, M.D., Nicholas Kouchoukos, M.D., Albert 
Pacifico, M.D., George Zorn, M.D., and Eugene Blackstone, M.D., Birmingham, AL 


Clinical Experience with the Smeloff-Cutter Prosthesis: One- to Twelve-Year 
Follow-up 
David S. Starr, M.D., Gerald M. Lawrie, M.D., and George C. Morris, Jr., M.D., Houston, TX 


Transaxillary Pleurectomy for Treatment of Spontaneous Pneumothorax 
Jean Deslauriers, M.D., Maurice Beaulieu, M.D., Jean-Paul Després, M.D., Michel Lemieux, M.D., 
Jacques Leblanc, M.D., and Marc Desmeules, M.D., Ste-Foy, Que, Canada 


Diffuse Malignant Pleural Mesothelioma 
Ralph J. Lewis, M.D., Glenn E. Sisler, M.D., and James W. Mackenzie, M.D., Piscataway, N] 


Surgical Manifestations and Treatment of Pulmonary Coccidioidomycosis 
Neal W. Salomon, M.D., Robert Osborne, M.D., and Jack G. Copeland, M.D., Tucson, AZ 
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16. 


17; 


8:30—10:00 


8:15-11:30 


18. 


19. 


20. 


2i: 


22, 


Open Biopsy for Diffuse Infiltrative Ling Disease: Clinical, Radiological, and 
Physiological Correlations in 508 Patients 

Edward A. Gaensler, M.D., and Charles B. Carrington, M.D., Boston, MA 

Aggressive Surgical Management of Testicular Carcinoma Metastatic to 


Lungs and Mediastinum 
Isidore Mandelbaum, M.D., Stephen D. Williams, M.D., and Lawrence Einhorn, M.D., 
Indianapolis, IN 


Evening 
Surgical Motion Pictures 


Moderators: Nicholas T. Kouchoukos, M.D., Birmingham, AL, and 
W. Spencer Payne, M.D., Rochester, MN 


Technique of Ventricular Septal Defect Closure and Pulmonary Valvatomyd in 


Corrected Transposition 
Donald B. Doty, M.D., Iowa City, IA 


Transcervical Thymectomy for Myasthenia Gravis 
Joel D. Cooper, M.D., Toronto, Ont, Canada 


Total Replacement of the Ascending Aorta with a Porcine Graft Implanted 


in a Dacron Tube with Coronary Bypess Surgery 
Alfred J. Tector, M.D., Milwaukee, WI 


Use of the Automatic Stapling Device Dr Pneumonectomy 
Kit V. Arom, M.D., San Antonio, TX 


Coarctation of the Aorta Repaired in a Newborn by Patch Aortoplasty 
Robert M. Sade, M.D., Charleston, SC 


Right Sleeve Pneumonectomy 
Jean Deslauriers, M.D., Ste-Foy, Que, Canada 


Mitral Valve Replacement and Tricuspid Annuloplasty during Sternal 


Turnover 
Juro Wada, M.D., Tokyo, Japan 


January 22, 1980 (Tuesday) 
Morning 


Scientific Session 


Aortocoronary Bypass with Homolog-us Saphenous Vein: Long-Term Results 
O. Bical, M.D., J. Bachet, M.D., C. Laurian, M.D., B. Goudot, M.D., and D. Guilmet, M.T., 
Suresnes, France 


Experience with Repair of Complete Atrioventricular Canal 
Frank M. Midgley, M.D., Frank M. Galioto, Jr M.D., Stephen R. Shapiro, M.D., Lowell 
W. Perry, M.D., and Lewis P. Scott, M.D., Weshington, DC 


Postoperative Angiographic Assessment of Modified Blalock-Taussig Shunts 


Using Expanded Polytetrafluoroethylene (Gore-Tex) 
Roxane McKay, M.D., Marc deLeval, M.D., Prip Rees, M.D., James Taylor, M.D., Fergus 
Macartney, M.D., and Jaroslav Stark, M.D., London, England 


Changing Indications for Pacemakers in Children 
William H. Fleming, M.D., Lynne B. Sarafian, R.N., Philip J. Hofschire, M.D., and Edward 
B. Clark, M.D., Omaha, NE 


Myocardial Preservation with Nifedipine: A Comparative Study at 
Normothermia 

Richard E. Clark, M.D., Ignacio Y. Christlieb, M.D., John D. Nora, M.D., Albert E. 

Fischer, M.D., Philip D. Henry, M.D., Joseph R. Williamson, M.D., and Burton E. Sobel, M.D., 
St. Louis, MO 
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23. Intramyocardial pH during Elective Arrest of the Heart: Relative Effects of 
Hypothermia versus Potassium Cardioplegia on Anaerobic Metabolism 
Gregory J. Wilson, M.D., Jill M. Robertson, M.D., Francis J. M. Walters, M.D., David J. 
Steward, M.D., and David C. MacGregor, M-D., Toronto, Ont, Canada 

24. Interruption of Multiple Accessory Fathways in Wolff-Parkinson-White 


Syndrome 
Takashi Iwa, M.D., Takuro Misaki, M.D., Michio Kawasuji, M.D., and Yoh Watanabe, 
M.D., Kanazawa, Japan 


11:30-12:00 Presidential Address 
Paul C. Adkins, M.D. 


Afternoon 
1:30-3:00 Forum Session 


25. Esophagogastrectomy Using the Auto Suture EEA Surgical Stapling 
Instrument 
J. S. Dorsey, M.D., S. Esses, M.D., M. Goldberg, M.D., and R. Stone, M.D., Toronto, Ont, Canada 
26. Suppression of Renin Production in Patients Undergoing Coronary 


Artery Bypass 
Roderick Landymore, M.D., David Murphy, M.D., Edwin Kinley, M.D., and James Parrott, M.D., 
Halifax, NS, Canada 


27. Operative Treatment of Secondary Tracheomalacia 
M. R. Johnston, M.D., N. Loeber, M.D., P. Hillrer, M.D., L. W. Stephenson, M.D., and L. H. 
Edwards, Jr., M.D., Philadelphia, PA 


28. Improved Myocardial Preservation at 4'C 
David K. Swanson, M.D., John H. Dufek, M.D., and Donald R. Kahn, M.D., Madison, WI 
29. A Comparison of Serum Isoenzyme Levels of-Creatine Phosphokinase 
and Lactic Dehydrogenase in Patients Undergoing Thoracic Operations and 
Patients Admitted to a Coronary Care Unit 
Geoffrey M. Graeber, M.D., Robert J. Snyder, M.C., Russ Zajtchuk, M.D., and Walter H. Brott, 
M.D., Washington, DC 
30. Experimental Evaluation of Myocardial ?reservation Techniques: 
V. A Membrane-Stabilizing Agent, Procaine Hydrochloride 
Tsunehiro Nishi, M.D., J]. Edward Guilmette, M.C., and Akio Wakabayashi, M.D., Irvine, CA 
31. Neurogenic Respiratory Failure: A Five-Year Experience Using Implantable 
Phrenic Nerve Stimulators 
David D. Oakes, M.D., Richard D. Hamilton, M.D., Conal B. Wilmot, M.D., and Dea 
Halverson, M.D., San Jose, CA 
32. Intraoperative Trauma to Human Sapherous Veins: Comparison of 
Preparation Techniques by Scanning Electron Microscope 
Steven R. Gundry, M.D., Michael Jones, M.D., anc Victor J. Ferrans, M.D., Bethesda, MD 


33. Intraoperative Fine Needle Aspiration Biopsy of Thoracic Lesions 
Walter J. McCarthy, M.D., Miriam L. Christ, M.D., and Willard A. Fry, M.D., Evanston, IL 
34. Improved Oxygen Delivery to the Myocardium during Hypothermia by 


Perfusion with 2,3 DPG-Enriched Red Blood Cells 
Robert L. Berger, M.D., C. Robert Valeri, M.D., Michael Yarnoz, M.D., Richard C. Dennis, 
M.D., Linda Pivacek, M.D., and John J. Vecchione, M.D., Boston, MA 


3:00-5:00 Writing Medical Abstracts: A Workshop 


jeanne Tashian, Ann Arbor, MI 
By separate registration 


3:30—5:00 Business Meeting (members only) 


Evening 
7:00 President's Reception and Dinner 
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8:30—12:30 
35. 


36. 


37. 


38. 


99. 


40. 


41. 


42. 


43. 


January 23, 1980 (Wednesday) 
Morning 


Scientific Session 


Management of Nonmalignant IntratForacic Esophageal Perforations 


with Late Recognition 
Richard J. Finley, M.D., F. Griffith Pearson, M.D., Richard D. Weisel, M.D., 
Thomas R. J. Todd, M.D., Riivo Ilves, M.D., and Joel D. Cooper, M.D., Toronto, Ont, Canada 


Intraoperative Esophageal Manometry: Is It Valid? 
Mark B. Orringer, M.D., Ronald Schneider, M.D., George Williams, Ph.D., and Herbert 
Sloan, M.D., Ann Arbor, MI 


New Trends in Skeletal Reconstruction of Chest Wall Tumors after Resection 
Patricia M. McCormack, M.D., Majit 5. Bains, M.D., and Nael Martini, M.D., New York, NY 


Subxiphoid Pericardial Window for Malignant Pericardial Effusion 
John R. Hankins, M.D., John R. Satterfield, M.D., Joseph Aisner, M.D., Peter H. Wiernik, M.D., 
and Joseph 5. McLaughlin, M.D., Baltimore, MD 


Late Survival following Use of Intraa»rtic Balloon Pump in Revascularization 
Surgery 

Leonard A. R. Golding, M.D., Floyd D. Loog, M.D., Mohan Peter, M.D., Delos M. Cosgrove, 
M.D., Paul C. Taylor, M.D., and Daniel F. Phillips, M.D., Cleveland, OH 


Assessment of Chronic Propranolol Therapy in Prospectively Randomized 


Patients Undergoing Coronary Bypass Operation 
Andrew S. Wechsler, M.D., Durham, NC 


Further Evaluation of the Circular Sequential Vein Graft Technique of 


Coronary Bypass 
J. Cleveland, M.D., I. Lebenson, M.D., R. Twohey, M.D., J. Ellis, M.D., D. Nelson, M.D., 
R. Suchor, M.D., A. Heckman, M.D., and D Morse, M.D., Urbana, IL 


Cardiac Surgery and End-Stage Renal Disease 
Bjorn K. Monson, M.D., Per H. Wickstrom, M.D., John J. Haglin, M.D., Gary Francis, 
M.D., Christina M. Comty, M.D., and Hovald K. Helseth, M.D., Minneapolis, MN 


Improved Results in Newborns Urdergoing Coarctation Repair 
James Campbell, M.D., Raymond DeLorenzi, M.D., John Brown, M.D., Donald Girod, 
M.D., Roger Hurwitz, M.D., Randall Caldwell, M.D., and Harold King, M.D., Indianapolis, IN 


Simply fill in the 
pe order form 


ae 





this form with your i ect i r» 
Id T 
Rush order coupon 
Annals of Thoracic Surgery 
i Br 1 T Ty EU wor 
, JTOWTI atii . | PATS 
acon Street 
in, MA 02106 
. Enter my subscription to THE ANNALS OF 
R. ACIC SURGERY, the official journal of The Societ 
aac Surgeons and the Souther 1I horaciec Si reical 
CIOTH 
pet tor E: is enclosed avment must 
mpan Order! 
e citcle the appropriate rate. í 
United States 
and Possessions Canada Foreign : Zip . 
: i; o = 
ilar Rate $34.50 $35 5( ; zT 
tutions Rate $39. 5t) L ^4 - | $1? 
mt Rocidoant Cn " ' . i 
ent, kesident, AH subscriptions entered on calendar-ve SiS as oas 
tern $25.00 > 328. i ^ 


If you 

are not 

reading your own 
copy of 


THE ANNALS OF 
THORACIC SURGER 


may we suggest 
you subscribe 
today? 


See attached 
order form 
on reverse side. 


Act now 

to ensure that 
you do not miss 
a single issue 

of this exciting 
journal. 





J.S. Postal Service Statement of Ownership, Management 
nd Circulation (Required by 39 U.S.C. 3685). 1. Title of 
"ublication: The Annals of Thoracic Surgery. A. Publication 
to.: 00034975. 2. Date of filing: October 1, 1979. 3. Fre- 
[uency of issue: monthly. A. No. of issues published annu- 
lly: 12. B. Annual subscription price: $34.50. 4. Location of 
:nown office of publication (Street, city, county, state and 
‘IP code) (not printers): 34 Beacon Street, Boston, Suffolk 
-ounty, Massachusetts 02106. 5. Location of the headquar- 
ers Or general business offices of the publishers (not 
rinters): 34 Beacon Street, Boston, Massachusetts 02106. 6. 
Names and complete addresses of publisher, editor, and 
nanaging editor: Publisher (name and address): Little, 
rown and Company, 34 Beacon Street, Boston, Massachu- 
etts 02106; Editor (name and address): Herbert Sloan, 
A.D., University Hospital, Ann Arbor, Michigan 48109; 
Aanaging Editor (name and address): Harriet Watkins, 34 
leacon Street, Boston, Massachusetts 02106. 7. Owner (If 
'wned by a corporation, its name and address must be 
tated and also immediately thereunder the names and ad- 
lresses of stockholders owning or holding 1 percent or 
nore of total amount of stock. If not owned by a corpora- 
ion, the names and addresses of the individual owners 
nust be given. If owned by a partnership or other unincor- 
'orated firm, its name and address, as well as that of each 
ndividual must be given. If the publication is published by 

nonprofit organization, its name and address must be 
tated): Name: The Society of Thoracic Surgeons; Address: 
\ttn: W. Gerald Rainer, M.D., Secretary, 111 East Wacker 
rive, Chicago, Illinois 60601. 8. Known bondholders, 
nortgagees, and other security holders owning or holding 1 
ercent or more of total amount of bonds, mortgages or 
ther securities (if there are none, so state): None. 9. For 
ompletion by nonprofit organizations authorized to mail at 
pecial rates (Section 132.122, PSM). 10. Extent and nature 
f circulation: A. Total no. copies printed (net press run): 
verage no. copies each issue during preceding 12 months, 
013; actual no. copies of single issue published nearest to 
ling date, 7165. B. Paid circulation: 1. Sales through 
eealers and carriers, street vendors and counter sales: aver- 
ge no. copies each issue during preceding 12 months, 
one; actual no. copies of single issue published nearest to 
ling date, none. 2. Mail subscriptions: average no. copies 
ach issue during preceding 12 months, 6303; actual no. 
opies of single issue published nearest to filing date, 6432. 
^. Total paid circulation (sum of 10B1 and 10B2): average 
o. copies each issue during preceding 12 months, 6303; 
ctual no. copies of single issue published nearest to filing 
ate, 6432. D. Free distribution by mail, carrier or other 
leans, samples, complimentary, and other free copies: 
verage no. copies each issue during preceding 12 months, 
18; actual no. copies of single issue published nearest to 
ling date, 226. E. Total distribution (sum of C and D): 
verage no. copies each issue during preceding 12 months, 
521; actual no. copies of single issue published nearest to 
ling date, 6658. F. Copies not distributed: 1. Office use, 
ft over, unaccounted, spoiled after printing: average no. 
pies each issue during preceding 12 months, 492; actual 
o. copies of single issue published nearest to filing date, 
J7. 2. Returns from news agents: average no. copies each 
sue during preceding 12 months, none; actual no. copies 
t single issue published nearest to filing date, none. G. 
otal (sum of E, F1 and 2—should equal net press run 
1own in A): average no. copies each issue during preced- 
ig 12 months, 7013; actual no. copies of single issue pub- 
shed nearest to filing date, 7165. 11. I certify that the 
atements made by me above are correct and complete. 
gnature and title of editor, publisher, business manager, 
‘owner: Judith M. Kennedy, Administrative Mgr. 12. For 
mpletion by publishers mailing at the regular rates (Sec- 
on 132.121, Postal Service Manual). 39 U. S. C. 3626 pro- 
des in pertinent part: “No person who would have been 
ititled to mail matter under former section 4359 of this title 
iall mail such matter at the rates provided under this sub- 
ction unless he files annually with the Postal Service e 

ritten request for permission to mail matter at such rates.’ 

accordance with the provisions of this statute, I hereby 

quest permission to mail the publication named in Item 1 

the phased postage rates presently authorized by 39 
. S. C. 3626. Signature and title of editor, publisher, busi- 

'ss manager, orowner: Judith M. Kennedy, Administrative 
anager. 




















Cardiac Output 
Simplified 
for Open-Heart Patients 


Drawing courtesy of University Hospital, Boston. 


IL's 2-French Open-Heart Catheter 
used with the IL701/702 Cardiac 
Output System offers an atraumatic, 


proven method for transthoracic 
thermal dilution cardiac output. 


Safe 


* Platinum band near tip, for ease of 
fluoroscopic identification 

* Useable withIL flow-through tem- 
perature probe, for increased 
accuracy 

e Small size, suitable for infants 


Simple 

* Furnished with introducer for 
surgical insertion 

e Saves time in operating room 

¢ Reusable up to 5 times, with teflon 
construction and closed tip 


Automatic C.O. System 

* Just push the button, make injection 
and read the answer 

* Nocalibration required 


Call toll-free for a demonstration: 
800 225-4040. Or write: Instrumenta- 
tion Laboratory Inc., 113 Hartwell 
Ave., Lexington, MA 02173. 


Instrumentation 
Laboratory 
Biomedical Division 








Medtronic... 


Medtronic...a name synonymous with 
technological advancement in heart care through 
the years. A name that means superb craftsman- 
ship and superior reliability in applied biomedical 
engineering today. A name that stands for com- 
mitment to excellence in cardiac screening, diag- 
nosis, treatment and rehabilitation. 

Medtronic helps you help the heart patient 
with a broad spectrum of outstanding products 
and services. Medical Data Systems, a division of 
Medtronic, specializes in software programs for 
nuclear cardiology. Cardiocare, another division, 
provides monitoring and arrhythmia detection 
services. Kastec Corporation produces prosthetic 
heart valves. 

With the broadest selection of pacing leads, an 
entire family of accessories, and now, the intro- 
duction of the remarkable new Spectrax pacers 
and programmers, Medtronic continues leading 
the way to man’s heart. 





leading the way 
to man’s heart. 


yo Medtronic: 


CLASSIFIED ADS 


Classified ads for meeting announcements, postgraduate 
courses, and positions wanted or available must relate only 
to the thoracic and cardiovascular surgical specialities. All 
ads are subject to the approval of the Editor, and material 
deemed inappropriate for publication in The Annals will be 
rejected. The charge for all classified advertising is $25.00 
per 50 words per issue. Prepayment is required. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired when advertising a position wanted 
or available, please indicate this at the time of submission 
and a code number will be assigned. All responses received 
will remain confidential in The Annals Editorial Office and 
will be conveyed to the advertiser shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the desired issue. Send ad and 
nonrefundable check (in the amount of $25 for every 50 
words times number of issues the ad is to run), payable to 
The Annals of Thoracic Surgery, to: Herbert Sloan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7079 University 
Hospital, Ann Arbor, MI 48109. 


SITUATIONS WANTED 





Cardiovascular and thoracic surgeon, 36, seeking to relo- 
cate. University trained, ABS, ABTS certified, two years’ 
experience in active private cardiac practice. Prefers West 
Coast, but will consider other areas. Available immediately. 


Please respond to W-181, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
nÁ 
Young, certified, cardiothoracic surgeon, presently in aca- 
demic practice, seeks association with group or partner- 
ship. Cardiac and thoracic practice preferred. Available 
immediately; no geographic preference. Curriculum vitae 
and bibliography upon request. 


Please respond to W-198, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 34, university 
trained, ABS, ABTS certified, completing Berry Plan, June, 
1980, seeks position with group or partnership. No geo- 
graphic preference. 


Please respond to W-200, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
Á 
Cardiothoracic surgeon, 49, excellent training, ABS cer- 
tified, will take ABTS exam next year, strong vitae in coun- 
terpulsation, wants academic position to continue research 
and handle clinical program in same. Must relocate to ac- 
complish this and can do so immediately. 


Please respond to W-201, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
A ee SS 
Cardiovascular and thoracic surgeon, 38, university 
trained, seeks position as an associate, leading to partner- 
ship. Experience includes adult and pediatric cardiac, 
thoracic, and peripheral vascular surgery. No geographic 
preference. Available immediately. 


Please respond to W-202, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





AIA 





Cardiac and thoracic surgeon, 5 years’ full-time experience 
in major teaching center with all forms of cardiac and 
thoracic surgery, desires relocation in private setting at 
smaller institution, preferably in the East or upper Mid- 
west. 


Please respond to W-203, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 32, university 
trained, seeks position. Experienced in adult cardiac, 
thoracic, and peripheral vascular surgery. Available July, 
1980. 


Please respond to W-204, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Young cardiothoracic surgeon seeks association with pri- 
vate group in Midwest, at completion of residency in July, 
1980. University trained, ABS certified, extensive experi- 
ence in thoracic and adult and pediatric cardiac procedures, 
including cardioplegia techniques. Curriculum vitae upon 
request. 


Please respond to W-205, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 35, 21⁄2 years of pri- 
vate group practice, desires to relocate with similar group in 
southern city. Trained at major midwestern center, ABS, 
ABTS certified. Experience includes adult cardiac, thoracic, 
and major and peripheral vascular surgery and endoscopy. 


Please respond to W-206, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
MM AMEN MM EM 
Cardiovascular and thoracic surgeon, ABS certified, ABTS 
eligible, university trained, seeks association in group or 
partnership, or faculty position in university. No geo- 
graphical preference. Available from July, 1980. 


Please respond to W-207, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





SITUATIONS AVAILABLE 





Special fellowship in cardiac surgery available January 1, 
1980. 


Please respond to Floyd D. Loop, M.D., Department of 
Thoracic and Cardiovascular Surgery, Cleveland Clinic 
Foundation, 9500 Euclid Ave, Cleveland, OH 44106. 

~~ 
Cardiovascular and thoracic surgical group in mid-Atlantic 
city seeks associate in growing practice. Board eligibility 
required. Main time devoted to adult and pediatric cardiac 


surgery. 

Please respond to A-134, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
ce a shee SEN 
Cardiac surgeon needed for group performing 300 to 400 
cardiac surgical cases per year. Volume expected to in- 
crease. 


Please respond to A-136, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


S mmaa 





Established noncardiac thoracic peripheral vascular sur- 
geon seeking associate. Located in central Connecticut. 
Corporate benefits and excellent future. 


Please respond to A-140, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Fellowship in Thoracic Surgery available January 1, 1980. 
Seeking individual eligible for examination or certified by 
American Board of Thoracic Surgery. Experience with 
pulmonary-esophageal-mediastinal work offered. Research 
opportunities and academic training available for those in- 
terested. 


Please respond to John R. Benfield, M.D., Chairman of the 
Division of Surgery, City of Hope Medical Center, Duarte, 
CA 91010. 





Thoracic surgeon wanted to join two-man group in eastern 
Massachusetts. No open-heart performed. Applicant must 
be ABTS eligible or certified. Prefer recent graduate. 


Please respond to A-142, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Multispecialty group in Midwest seeks associate surgeon in 
department of cardiac/thoracic surgery. Established gen- 
eral, thoracic, and vascular surgery practice with growing 
cardiac surgery practice. Medical school affiliation avail- 
able. Must be ABTS eligible or certified. 


Please send curriculum vitae to James R. Reynolds, M.D., 
Central Plains Clinic, Ltd, 2727 S Kiwanis Ave, Sioux Falls, 
SD 57105. 


Clinical fellowships in thoracic and cardiovascular surgery, 
July, 1980. Salary of $22,500 plus certain fringe benefits. 
University orientation with large volume of cardiac as well 
as peripheral vascular and thoracic surgery. Eligibility 
training equivalent for General Surgery Boards. 


Please respond to C. J. Lambert, M.D., Cardiac, Vascular 
and Thoracic Surgical Associates of Dallas, 3434 Swiss, 
Dallas, TX 75204. 





Cardiovascular surgeon wanted to join midwestern private 
practice limited to cardiac surgery. Applicant must be ABTS 
certified or eligible and have demonstrated interest in 
pediatric surgery. Postgraduate training in same desirable 
to help expand pediatric practice in large, university- 
affiliated teaching hospital. 


Please send curriculum vitae to A-146, The Annals of 
Thoracic Surgery, C-7079 University Hospital, Ann Arbor, 
MI 48109. 





Pediatric cardiovascular surgeon wanted to join full-time 
academic staff. 


Please send curriculum vitae including pediatric cardiac ex- 
perience to Frank M. Midgley, M.D., Chairman, Cardio- 
vascular Surgery, Children's Hospital National Medical 
Center, Washington, DC 20010. 


Research cardiovascular surgical fellowship available on or 
before October 1, 1979. 


Please respond to Stanley K. Brockman, M.D., Director, 
Division of Cardiothoracic Surgery, Jefferson Medical 
College, 1025 Walnut St, Philadelphia, PA 19107; tel: 
(215) 928-6996. 


MEETING ANNOUNCEMENTS 


Specialty Review Course in Thoracic Surgery, Dec 10-14, 


1979. Sidney Levitsky, M.D., Coordinator. A.M.A. Category 
I Credit: 40 hr. 


For further information and registration write to: Cook 
County Graduate School of Medicine, 707 South Wood St, 
Chicage, IL 60612 or call (312) 733-2800. 


The Marshfield Clinic is seeking a cardiovas- 
cular surgeon to join a team of three sur- 
geons and seven cardiologists (six adult and 
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Dual-Chamber Balloon.* In tens of thousands of 
operations, it has demonstrated that it is not only: 


highly dependable, but exceptionally easy to insert. 
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operated both from AC line power and battery power. 
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‘fective pacemaker evaluation, you need a system tester more 
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ARDIOTEST. 


ERSATILIT Y. CARDIOTEST is a three-in-one instrument 
hich tests implantable pacers, measures threshold parameters 
1d tests implanted pacers noninvasively. 


CCURACY. Threshold Testing: The CARDIOTEST pulse 
enerator approximates the function of an implanted unit, for 
oser simulation of pulse generator performance. A variable 
ansitivity feature allows the full range from demand to 
synchronous pacing. 


nplantable Pacer Testing: CARDIOTEST sensitivity 
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the open heart team and the Shiley 100 A 
Oxygenator which has proven itself to be a hard 
act to follow. Heat exchanger performance 
factor as high as 0.7 Blood flow range 1 to 6 
liters per minute. Gas to blood flow ratio 0.6 to 
1.0:1. For in-vitro and clinical results, see your 
Shiley Representative or Call: 


Shiley, Inc. 


- 1/7600 Gillette Avenue 
Irvine, California 92714 
(/14) 979-0500 
(800) 854-3683 


(800) 854-3684 
Cable: SHILF YSLIRIN 
ara $9 CKO 
an integral member of the open heart team Telex: 68-5585 


P.O. Box 11707 
Santa Ana, California 92711 
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Consistency is our hallmark. 

The time to discover off-grade tubing is at 
our facilities, not yours. That’s why the scrupu- 
lous care with which we manufacture Tygon 
tubing extends throughout our rigid quality 
control process. 

Norton employs dozens of intense quality 
control checkpoints, each documented to pro- 
vide complete traceability. Sophisticated ir- 
strumentation assures total uniformity of physi- 
cal quality. Which means you can depend on 
Tygon tubing to provide consistently excellent 
service. 


Supple yet strong 
— the perfect blend. 

Tygon S-50-HL tub- 
ing is specifically formu- 
lated for the rigors of j 
extra-corporeal pump- 
ing. Each ingredient has į 
been carefully selected 
to provide superior 
characteristics, such as 
good memory and re- 
sistance to spallation and rupture. 

The result is a tubing that combines the 
strength and durability required to withstand 
hours of pump abuse, with the iind 
needed for superior pumping performance . 
the best of both worlds. 





Laser-extruded 


for precision tolerances. 

To assure uniform 
inner and outer diam- 
eters, Norton employs 
sophisticated laser mi- 
crometers, which con- 
tinually monitor the 
tubing as it is extruded, 
and can sense dimen- 
sional variances up to = 


t .0004". 





More importantly, these closed-loop feed- 
back laser systems actually control the extru- 
sion process for total uniformity. This helps 
prevent weak spots in the tubing wall, prime 
candidates for rupture. Plus, uniform tubing 
dimensions mean that flow rates can be more 
precise. 


Tested for biocompatibility to 


Class VI standards. .. and beyond. 

Tygon S-50-HL tubing has been extensively 
tested and documented for biocompatibility 
ever since its inception. Every batch of raw 
material is quarantined and rigorously tested 
by an independent laboratory before produc- 
tion can begin. 

Tests include those for acute toxicity, acute 
intracutaneous reactivity, intramuscular reac- 
tivity, pyrogenicity and neurological reaction. 
Any evidence of any trouble from any test and 
the entire batch of raw material is rejected. 

For your further assurance, we test Tygon 
tubing beyond what is required. We also test it 
for ethylene oxide residue, tor Henayes, 3 for 
in-vitro coronary perfusion px . 

— including coronary flow Dix Rao 

rate, and myocardial con- | dae 
tractibility, and in-vivo mn PAG 
blood pressure determina- 3 12-5 NG 
tion. Again, if one ounce of [E 
trouble appears, all material LE 
is rejected. 





The assurance of Tygon tubing. 


Demand it. 

Don't be misled by claims of parity. There 
is only one tubing with more than 25 years of 
consistently excellent service backed up by a 
billion-dollar company . . Tygon tubing. 

So you can be sure that you're using Tygon 
S-50-HL tubing, we brand every foot with 
formulation and size. If the tubing you use 
doesn't have these distinctive markings along 
its side, it's not genuine Tygon tubing. 

There’ s no need to sacrifice the assurance 
and dependability that Tygon tubing brings to 
enjoy the convenience of pre-made heart- 
lung packs. All you need to do is specify it — 
by name. 





Tygon tubing... 
the vital link between patient and pump. 


Call toll-free 1-800-321-9634 
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ORIGINAL ARTICLES : 


The Importance of Myocardial 
Protection in Combined Aortic Valve — — 
Replacement and Myocardial Revascularization 


Dwight C. Lundell, M.D., Hillel Laks, M.D., Alexander S. Geha, M.D., 
Vàsant B. Khachane, M.D., and Graeme L. Hammond, M.D. 


ABSTRACT To determine the importance of differ- 
ent methods of myocardial protection for combined 
aortic valve replacement and coronary revasculari- 
. zation, we analyzed the records of 82 consecutive 
patients who underwent the combined procedure 
between 1973 and 1978. Sixty-three (7796) had angina 
and 63 (77%) were in New York Heart Association 
Functional Class III or IV. Moderate to severe left 
ventricular impairment was present in 59%, and the 
mean number of diseased vessels was 1.9 per pa- 
tient. 

+- Group I consisted of 18 patients with intermittent 
ischemia, almost all of whom had operation between 
1973 and 1976. Group Ha consisted of 24 patients 
operated on between 1973 and December, 1975, with 
coronary perfusion, and Group IIb had 18 patients in 
whom a similar technique was used in 1977 and 
1978. Group III consisted of 22 patients operated on 
in 1977 and 1978 in whom cold chemical cardioplegia 
was used. 

The early mortality (<30 days) for Group I was 
50% and for Group Ila 29%. There were no deaths 
. in Group IIb and Group III. The incidence of peri- 
operative myocardial infarction was 2196 in Group 
I, 6% in Group IIa, 11% in Group IIb, and zero 
in Group III. The incidence of cardiogenic shock re- 
quiring prolonged inotropic support and intraaortic 
balloon counterpulsation was significantly less in 
Group III (9%) than in Group IIb (5096) (p < 0.05). 

If other manifestations of myocardial injury, such 
as perioperative infarction and cardiogenic shock 


requiring intraaortic balloon counterpulsation or in- - 


. Material and Methods 


From the Section of Cardiothoracic Surgery, Department of 
Surgery, Yale University School of Medicine, New Haven, 
CT 06510. 
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' Presented at the Fifteenth Annual Meeting of The Society of 
Thoracic Surgeons, Jan 15-17, 1979, Phoenix, AZ. 


Address reprint requests to Dr. Laks, Yale University 


School of Medicine, Section of Cardiothoracic Surgery, 333. 


Cedar St, New Haven, CT 06510. 


otropic support, are taken into consideration, cold 
chemical cardioplegia appears to provide better 
myocardial protection than coronary perfusion of the 
fibrillating heart. 


In order to avoid perioperative myocardial in- 
farction and improve the long-term results of 
aortic valve replacement (AVR) in the presence 
of major coronary artery disease [9, 10], many 
centers now advocate combined valve replace- 
ment and coronary revascularization, even in 
the absence of angina [1, 3, 5, 6, 9, 11]. The 
presence of left ventricular hypertrophy [8] and 
coronary stenosis [18] in these patients pre- 
sents special problems in achieving optimal 
myocardial protection. Several effective meth- 
ods of myocardial protection have evolved. 
They include perfusion of the fibrillating heart, 
topical hypothermia, and cold chemical car- 
dioplegia. Because of the extended nature of the 
combined procedure, the adequacy of myocar- 
dial protection is more critical than for either 
isolated AVR or coronary revascularization 
alone. 

To delineate the importance of myocardial 
protection and compare different methods of 
achieving it, we reviewed our experience with 
82 patients undergoing combined AVR and 
coronary artery bypass grafting (CABG) in 
whom different methods of myocardial protec- 
tion were employed. 


Eighty-two consecutive patients underwent 
AVR and coronary revascularization at Yale- 
New Haven Hospital and the Hospital of Saint 
Raphael from January, 1973, to December, 1978. 


. There were 72 men (88%) and 10 women (12%). 


The mean age was 60 years (range, 41 to 74 
years). | 
The patients were classified symptomatically, 
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using the New York Heart Association Func- 
tional Classification, according to the predomi- 
nant complaint restricting their activity. Nine- 
teen patients (23%) had no angina, and for 
them, the classification for cardiac failure was 
used. In the remaining 63 patients, the re- 
stricting symptom, either pain or dyspnea, was 
used. There was 1 patient (1%) in Class I, 18 
(2296) in Class II, 37 (4596) in Class III, and 26 
(3296) in Class IV. 

. Cardiac catheterization was performed in all 
patients and included coronary angiography 
performed in two projections. Lesions de- 
creasing the luminal diameter by more than 
70% were considered significant. The mean 
number of significantly obstructed vessels was 
1.9. Left ventricular dysfunction was classified 
as mild, moderate, or severe on the basis of the 
angiographic ejection fraction (EF), segmental 
dyskinesia, and left ventricular end-diastolic 
pressure (LVEDP). An EF of more than 5096 and 
an LVEDP of less than 10 mm Hg with seg- 
mental dyskinesia was considered mild im- 
pairment. In the moderately impaired group, 
the EF was 30 to 50% and the LVEDP, 10 to 20 
mm Hg. In the severely impaired group, the EF 
was less than 3096 and the LVEDP, greater than 
20 mm Hg. There were 34 patients (4296) with 
mild impairment, 42 (5196) with moderate im- 
pairment, and 6 (796) with severe impairment. 
Predominant aortic stenosis was found in 49 
patients (6096) and regurgitation in 14 (1796) 
while 19 (2396) had combined lesions. 


Methods of Myocardial Protection 

The patients were divided into three groups ac- 
cording to the method of myocardial protection 
used. Group I consisted of 17 patients operated 
on between 1973 and 1976 and 1 patient under- 
going operation in 1978. Systemic cooling on 
cardiopulmonary bypass to 28°C was utilized, 
and repeated periods of ischemic arrest with 
intermittent perfusion of the fibrillating heart 
were used for both the valve replacement and 
the distal anastomoses. Group II consisted of 42 
patients operated on between January, 1973, 
and December, 1978, in whom systemic 
hypothermia to 25? to 28°C was utilized with 
coronary perfusion of the fibrillating heart 
throughout. This group was divided into 


Group IIa consisting of 24 patients operated on 
between January, 1973, and December, 1976, 
and Group IIb with 18 patients operated on 
during 1977 and 1978 utilizing the technique of 
coronary perfusion of the fibrillating heart. In 
Group lla the distal anastomoses were per- 
formed first and the coronary arteries were 
pertused through the grafts during AVR. In 
Groug IIb the aortic valve was replaced first, 
with perfusion through the coronary ostia. The 
distal anastomoses were then performed with 
the aorta unclamped and the heart fibrillating. 
Group III consisted of 22 patients operated on 
during 1977 and 1978 in whom systemic 
hypothermia to 25°C was used, and both the 
AVR and distal coronary anastomoses were 
performed using a single cross-clamp period. 
The ca-dioplegic solution was either cold blood 
with potassium (30 mEq/L), Ringer's lactate 
with potassium (30 mEq/L), glucose and insu- 
lin, or plasma with potassium (30 mEq/L), glu- 


cose, and insulin. All solutions were cooled to 


4*C prior to administration. Topical hypother- 
mia using cold saline solution (4°C) was usually 
combired with the cardioplegia. The cross- 
clamp time was a mean of 62 + 11 minutes in 
Group I and 19 + 8 minutes in Group II. In 
Group III, the cross-clamp time was 103 + 18 
minutes, with the cardioplegic solution ad- 
ministered every 20 to 30 minutes either into 
the roc: of the aorta or into the coronary ostia. 
The duration of cardiopulmonary bypass was a 
mean o: 133 + 16 minutes in Group I, 159 + 21 
minutes in Group II, and 151 + 13 minutes in 
Group II. 

The rr.ean age in Group I was 62 + 6 years; in 
Group II, 60 + 7 years; and in Group III, 60 + 6 
years. The Functional Class was a mean of 3 in 
all groups. These and the other clinical vari- 
ables such as left ventricular function were not 
significantly different in the three groups (p > 
0.1, chi-square test). 


Surgical Procedures 

The meen number of grafts performed was 1.6 
and was not significantly different in the three 
groups (chi-square test). Reverse saphenous 
vein grafts were used in 70 patients and internal 
mammary artery grafts in 12. Twenty-one pa- 
tients (2696) received a Starr-Edwards valve, 29 
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(35%) a Bjórk-Shiley valve, and 32 (39%) a por- 
cine heterograft valve. In addition to AVR and 

CABG, 3 patients underwent mitral valve re- 
placement, 1 had mitral and tricuspid valve re- 
placement, and 2 underwent mitral commis- 
surotomy. These 6 patients were distributed 
equally in the three groups. 


Postoperative Management 

The intraaortic balloon counterpulsation device 
(IABP) has been in use by our group since 1973. 
In 13 patients (16%) IABP was used to wean the 
patient from cardiopulmonary bypass after fail- 
ure of inotropic agents. In 17 patients (21%) 
who did not require IABP, inotropic agents 
were required for more than 12 hours to main- 
tain an adequate cardiac output. 

Perioperative myocardial infarction was 
diagnosed from the electrocardiogram because 
complete enzyme data were available for only 
the recent patients. A definite infarct was diag- 
nosed by the appearance of new Q waves (>3 
mm in depth, > 0.04 second in duration) or by 
elevation of S-T segments (>1 mm) for 
more than 72 hours. 

Anticoagulation was begun in the immediate 
postoperative period for all patients with 
Starr-Edwards or Bjórk-Shiley valves. Patients 
receiving porcine valves were placed on a regi- 
men of aspirin and Persantine (dipyridamole). 

Follow-up was accomplished by clinic visits 
or reports from referring physicians. The mean 
follow-up was 59 + 12 months for Group I, 22 + 
7 months for Group II, and 9 + 3 months for 
Group III. 


Results 

Mortality 

The results in the different groups were com- 
pared using the chi-square test. The early mor- 
tality (<30 days) for these 82 patients was 
19.5% (16 patients). The mortality according to 
the method of myocardial protection used is 
shown in Figure 1. The groups are subdivided 
according to the year of operation. Group I pa- 
tients (intermittent ischemia) were operated on 
between 1973 and 1976, except for 1 who 
underwent operation in 1978. Group III patients 
(cardioplegia) were all operated on in 1977 and 
1978 while Group II (coronary perfusion) is di- 
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Fig 1. Early mortality (<30 days) for the groups sub- 
divided according to the method of myocardial protec- 
tion and the year of operation. Group I = intermittent 
ischemic arrest; 17 patients operated on between 1973 
and 1976 and 1 in 1978. Group II = perfusion of the fi- 
brillating heart; 24 patients (Group IIa) operated on be- 
tween 1973 and December, 1976, and 18 patients 
(Group IIb) operated on in 1977 and 1978. Group III = 
cold chemical cardioplegia; 22 patients operated on 
during 1977 and 1978. The shaded portion and percent- 
age indicate the early mortality. 


vided into Group IIa (1973 to 1977) and Group 
Hb (1977 and 1978). There is a statistically 
significant decrease in the mortality from 
Group I to Group Ilb and Group III (p < 0.005). 

The mortality was also significantly less in 
Group IIb than Group IIa (p « 0.05). All deaths 
but 1 were caused by a low cardiac output in the 
early postoperative period. In Group I, 1 death 
occurred during reexploration for bleeding. Four 
patients in Group I could not be weaned from 
cardiopulmonary bypass and died intraopera- 
tively while 3 died within two weeks of persis- 
tent low cardiac output. Mean ischemia time 
was 71 + 21 minutes among those who died 
and 50 + 15 minutes among those who survived 
(p < 0.05). In Group IIa, there were 6 patients 
who could not be weaned from cardiopulmo- 
nary bypass and died on the operating table. 
One of these was undergoing an emergency 


procedure for obstruction of a previously placed 


prosthetic valve and was taken to the operating 
room in pulmonary edema and severe failure. 
One patient in Group Ila died in low output 
state 2 days postoperatively. There were no 
early deaths in Group IIb and Group III. The 6 
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patients who had additional surgical proce- 
dures were distributed equally in the three 
groups, and all survived operation. 


Postoperative Low Cardiac Output 

In Group I there were 5 patients (28%) who had 
the intraaortic balloon inserted because of in- 
ability to be weaned from cardiopulmonary 
bypass. Of these only 1 survived. In Group Ia 
there were 3 (12.5%), of whom 2 survived. 

In Group IIb there were 3 patients who re- 
quired IABP, all of whom survived. In Group 
III, 2 patients required IABP, and both also sur- 
vived. Some patients did not require IABP to be 
weaned from cardiopulmonary bypass but did 
need inotropic support, which had to be con- 
tinued for more than 12 hours after operation. 
There were 3 patients (1796) in Group I, 2 of 
whom died, 5 (21%) in Group IIa and 6 (33%) in 
Group IIb, all of whom survived, and none in 
Group Ill. The difference between Group IIb 
and Group III is statistically significant (p « 
0.05). 


Perioperative Myocardial Infarction 

Definite myocardial infarction by electrocar- 
diographic criteria occurred in 6 of the 82 pa- 
tients (7%). There were 3 (21%) in Group I, of 
whom 2 died in low output, 1 (6%) in Group Ila 
and 2 (11%) in Group Hb, who survived, and 
none in Group III. The numbers are expressed 
as a percentage of the patients who did not die 
on the operating table. 


Late Deaths 

There were 3 (3.696) late deaths among the 82 
patients. One (5.596) occurred in Group I (mean 
follow-up, 59 months), 2 (4.696) in Group II 
(mean follow-up, 22 months), and none in 
Group II (mean follow-up, 9 months). The 
single late death in Group I was due to severe 
cardiac failure and poor left ventricular function 
with both vein grafts occluded. One death in 
Group IJ occurred in a patient with both grafts 
patent and a perivalvular leak 7 months post- 
operatively, and the other death occurred sud- 
denly 18 months postoperatively. 


Comment 
Experimental studies of myocardial protection 
have shown that perfusion of the fibrillating 
heart in the presence of left ventricular hyper- 
trophy [8] or coronary artery stenosis [18] re- 
sults ir. inadequate preservation. Because coro- 
nary sienoses and left ventricular hypertrophy 
are present in patients with combined aortic 
valve disease and coronary artery disease, it 
would be expected that problems might arise 
from tke use of coronary perfusion of the fibril- 
lating heart in these patients. It has been shown 
experimentally [13] that topical hypothermia 
with ischemic arrest provides incomplete pro- 
tection for 1 hour of aortic cross-clamping and 
is inferior to cold chemical cardioplegia. The 
hypertrophied heart also takes longer to cool 
using topical hypothermia alone [14, 16]. One 
of the advantages of cold chemical cardioplegia 
is the rapid cooling of the myocardium, which 
is achieved by perfusion with the solution at a 
temperature of 4°C. Brazier and associates [4] 
showed that noncoronary collaterals are better 
developed in the hypertrophied and the chron- 
ically ischemic heart. This could result in more 
rapid rewarming during the period of ischemic 
arrest. The combined procedure of AVR and 
coronary revascularization is thus a more criti- 
cal test of the method of myocardial protection 
than ccronary revascularization or AVR alone. 
The -mportance of myocardial protection in 
the results of the combined procedure is indi- 
cated Ey the fact that all deaths in this series 
except 1 were caused by cardiogenic shock. 
Clinica: reports have shown that several forms 
of myccardial protection will provide an ac- 
ceptably low operative mortality [11, 12, 14, 
15]. Of the 18 patients in our series who had 
perfusion of the fibrillating heart and were op- 
erated on during 1977 and 1978, all survived. 
Others have also reported a low mortality using 
this technique. Macmanus and associates [12] 
reported a mortality of 6.3% among 80 patients. 
Their mortality was not significantly different 
from tke 9% reported by Loop and associates 
[11] who used ischemic arrest without coronary 
perfusion for the valve replacement and perfu- 
sion of the fibrillating heart for the coronary 
grafts. This mortality of 9% was, however, 
three times that of isolated AVR in their in- 


505 Lundell et al: Myocardial Protection in AVR and Revascularization 


stitution. In our series, intermittent perfusion 
of the fibrillating heart also proved unstccess- 
ful with a mortality of 50%, which was signifi- 
cantly greater than that in Group II or Group III 
(p < 0.05). 

Others have reported on the use of topical 
hypothermia and ischemic arrest. Pupello and 
co-workers [14] had no deaths among 36 pa- 
tients. Richardson and associates [15] reported 
on a large series of 220 patients and used either 
coronary perfusion, topical hypothermia, and 
ischemic arrest or cold chemical cardioplegia. 
The overall mortality was 5.4%, which was not 
broken down according to the method cf pro- 
tection used. In our series a comparison of the 
patients operated on with perfusion of the fi- 
brillating heart and those who had cold chemical 
cardioplegia during the same period (1977 and 
1978) showed no deaths in either group. 

To evaluate the influence of time on the re- 
sults we analyzed our series relative to the date 
of operation (see Fig 1). All the patients in 
Group I, except 1, were operated on between 
1973 and 1976 with a mortality of 50%. Group 
IL, all of whom had perfusion of the fibrillating 
heart, were subdivided into those undergoing 
operation between 1973 and 1976 with a mor- 
tality of 29% and those operated on during 1977 
and 1978 with no mortality. This difference was 
significant (p < 0.05). During the same period 
(1977 and 1978), there were also no deaths in the 
group with cold chemical cardioplegia. We be- 
lieve that the improved results in Group IIb 
compared with Group lla are related to im- 
proved techniques of coronary perfusion and 
advances in postoperative care. Our experience 
confirms that with adequate myocardial pro- 
tection, the mortality of the combined proce- 
dure should be no higher than that of isolated 
AVR [12, 14, 15]. This would encourage rcutine 
coronary angiography and use of the combined 
procedure even in the absence of angina, which 
has been so debated in the past [1~3, 5-7, 
9—12, 17]. 

Inadequate myocardial protection is man- 
ifested not only by mortality, but by the inci- 
dence of perioperative myocardial infarction 
and the presence of cardiogenic shock requiring 
either IABP or prolonged inotropic support. 

In our series, a perioperative myocardial in- 
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Fig 2. The percentage of deaths in low cardiac output 
and cardiogenic shock requiring either prolonged in- 
otropic support or intraaortic balloon counterpulsation 
(IABP) is shown. There was a significant difference 
between Group Ib and Group III (p < 0.05). 


farct was diagnosed by electrocardiographic 
criteria only because enzyme data were not 
available for all patients. There was a signifi- 
cantly lower incidence of myocardial infarction 
in Group III, who had no infarcts, than in 
Group I (p « 0.05), while there was no dif- 
ference when Group III was compared with 
Group lla or Group llb. Richardson and as- 
sociates [15] also showed a zero incidence of 
perioperative myocardial infarction in the 
cardioplegia-treated patients, and they re- 
ported a significantly higher incidence in the 
groups treated with intermittent coronary per- 
fusion or topical hypothermia and ischemic ar- 
rest. 

There was also a difference in the incidence 
of cardiogenic shock requiring treatment in the 
three groups (Fig 2). In Group I, 2896 of the 
patients required IABP in an attempt to wean 
them from cardiopulmonary bypass versus 1396 
in Group Ila, 17% in Group IIb, and 9% in 
Group III. There was also a difference in the 
proportion of patients who required inotropic 
support for more than 12 hours: 2196 in Group 
I, 29% in Group Ila, and 33% in Group IIb, 
while none of the patients in Group III required 
prolonged inotropic support. There was a 
statistically significant difference between 
Groups IIb and HI (p < 0.05). In comparing the 
latter two groups, it is apparent that the 
sequelae of inadequate’ protection are less 
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common in the group treated with cold chemi- 
cal cardioplegia. 

This study suffers from the deficiencies of 
most nonrandomized clinical reports, namely, 
that different surgeons have used different 
techniques on different patients at different 
times. Some of these criticisms can be allayed. 
As described, the patient populations in the 
three groups were similar and the time factor 
can be eliminated by comparing Groups IIb and 
III who underwent operation during the same 
time interval. The methods of postoperative 
care and the criteria for the use of the intraaortic 


balloon and inotropes have been similar at any 


one time regardless of the method of protection 


employed. Since the incidence of graft patency: 
and perivalvular leak is similar among the sur- 
geons involved, we think that the difference in | 
results can be attributed to the method of pro- 


tection used. 

This study thus shaw that myocardial pro- 
tection critically affects the results obtained 
from combined AVR and CABG. Although an 
acceptably low mortality can be achieved with 
both coronary perfusion and cold chemical car- 
dioplegia, if other manifestations of myocardial 
injury are considered, such as the incidence of 
perioperative myocardial infarction and car- 
diogenic shock requiring either IABP or in- 
otropic support, cardioplegia appears to provide 
more complete myocardial protection. This low 
mortality and morbidity supports continued 
use of the combined procedure in patients with 
aortic valve and coronary artery disease, even 
in the absence of angina. 
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Discussion 

DR. ALBERT STARR (Portland, OR): I had the privilege 
of reviewing this manuscript in its entirety and 
would like to.congratulate the authors for this excel- 
lent presentation and review of their experience. 
Certainly the technique of protection of the myocar- 
dium is the single most important element in 
achieving adequate results with a combined opera- 
tion, and cold cardioplegia not only provides good 
protection but also very superb operating conditions. 
There are, however, other methods of achieving 
good results, and the evolution of our own experi- 
ence with this combination of lesions has followed a 
somewhat different pathway. 

Early in the 1970s, Dick Anderson in our group 
reported that the mortality of the combined opera- 
tion of coronary disease and.aortic valve replacement 
(AVR) was the same as AVR alone. However, we 
have reviewed this problem again with a look at our 
experience, and some of it parallels that of the cur- 
rent presentation. 

For example, from 1971 to 1976, 31 patients were 
operated on at the University Hospital in Portland 
using intermittent coronary perfusion for AVR and 
intermittent cross-clamping of the aorta for the distal 
anastomosis for the aortocoronary bypass graft. I was 
astonished to see that the operative mortality was 
29%, quite at variance with our earlier experience, 
and that the myocardial infarction rate was 32%. 
However, during 1976 and 1977 when we switched to 
cold cardioplegia on that service, the operative mor- 
tality fell abruptly to 6% and the intraoperative in- 
farction rate, as evidenced by new Q waves on the 
electrocardiogram, dropped to 12%. 

The other-method of doing this operation that we 
have begun to use is a more meticulous method of 
coronary perfusion than that performed on the Uni- 
versity service in that early series with the high 
mortality. The technique is to perform the revas- 
cularization before the AVR, and then perfuse the 
coronary bed and do the AVR in the beating heart 
with perfusion through the grafts as well as through 
the proximal coronary ostia. Obviously, in the pres- 
ence of aortic regurgitation or multiple grafts, the 
operative field can become quite complicated with 
four or five perfusion catheters lying around, but in 
the beating heart this proved to be a very effective 
and safe way of performing the combined operation. 

At St. Vincent’s using proximal coronary artery 
perfusion alone as performed at the Medical School 
in the early days of 1970 to 1974, the operative mor- 
tality was 6% and the infarction rate was 15%. From 
1974 to 1976, using the more meticulous total coro- 


: 


nary perfusion technique in the beating heart in a 
group of almost 50 patients, the operative mortality 
was notimproved (it was already low), but the in- 
farction rate fell from 15 to 296. 

As the authors have stated, there are many differ- 
ent ways of doing this operation. It is very likely that 
superb results can be achieved by very meticulous 
coronary perfusion and maintaining a beating heart 
throughout most of the operation except for perfor- 
mance of the distal anastomoses. However, our ex- 
perience with cardioplegia on the University service 
has demonstrated its simplicity and elegance, and for 
this reason, even though comparable results can be 
obtained with a constant perfusion technique, we` ` 
would lean towards the cardioplegic apiece as the | 
authors have. : 


DR. RICHARD EDWIN CLARK (St. Louis, MO): I guess 
one cannot argue with results of no mortality and no 
morbidity and that augers well for cold chemical 
hyperkalemic cardioplegia. I rise simply to update 
you on our work with a new drug, nifedipine. We 
have perfused the aortic root of dogs during global 
ischemia with nifedipine, two cardioplegic sc- 
lutions, and saline solution. We measured the stroke 
work index of these animals, which were cross- 
clamped for.1 hour at 37°C. Much to my surprise, the 
clinical cardioplegic solution that we have used in 
more than 1,200 cases was not very protective in the 
normothermic dog model. The nifedipine effectively 
protected the animals in terms of stroke work 2 hours 
after perfusion. 

Use of nifedipine infusion into the aortic root 
during ischemia results in a normal response. 

We have used nifedipine successfully in 1 patient 
undergoing double-valve replacement, which re- 
quired 121 minutes of cross-clamp time. 


DR. DELOS COSGROVE (Cleveland, OH): The authors 
have brought to our attention a clinical situation that 
severely tests the adequacy of myocardial protection 
techniques. The Cleveland Clinic reported a similar 
series of patients in 1977, noting an operative mor: 
tality three times that for AVR alone and a peri- 
operative myocardial infarction rate two times that 
for simple AVR. 

In an attempt to improve: ‘our surgical results i in this 
clinical situation, we now employ cold hyperkalemic 
cardioplegic arrest. Monitoring-the temperature in 
the distal septum has been most useful in providing 
information about the adequacy of the myocardial 
cooling and the delivery of our cardioplegic solution. 
We have found that at systemic cooling is very useful in 


_ providing? SERS Me cooling but that it is un- 


necess# Std PN gin ystemic hypothermia after 
aortic cm The Gn yocardial temperature stayed 
in the do 208 even with the nasopharyngeal tem- 
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occlusion and think that this has saved us consider- 
able time previously spent rewarming. 

I would like to ask Dr. Lundell how he explains the 
lower operative mortality in the more recent experi- 
ence using cold coronary perfusion for myocardial 
protection. 


. DR. O. WAYNE 180M (New York, NY): I would like to 
congratulate the authors on an excellent presenta- 
. tion. New York University is one of the last strong- 
holds of coronary perfusion in the United States, and I 
would like to share with you some of our experience. 

During a 4-month period in 1975 and 1976, we 
used this technique. It was essentially the potassium 
cardioplegic solution described by Buckberg for ex- 
perimental use at that time. We operated on 54 pa- 
tients who had isolated AVR. The mean cross-clamp 
time was 60 minutes. The data generated by Dr. Peter 
Adams and Joe Cunningham at our institution are 
essentially the same as the data reported today: an 
incidence of inotropic support of 3.796, an incidence 
of infarction of 3.7% as determined by enzymatic 
studies and zero as determined by electrocardio- 
graphic studies, and an operative mortality of zero. 
Essentially the period of time that appeared to be safe 
was about 60 minutes. 

In a similar study on patients undergoing coronary 
artery bypass with various techniques of intermittent 
cross-clamping, it appeared that after 30 to 40 min- 
utes, the incidence of infarction rose to almost 10096. 
However, the safe period with the potassium car- 
dioplegia appeared to be between 60 and 70 minutes. 
Similarly, the need for inotropic support appeared to 
be the same, somewhere between 60 and 70%. 

I have one question. Since we know that the oper- 
ative mortality with the various techniques is very 
similar, one of the reasons that this technique might 
be preferable is the low incidence of myocardial in- 
farction in this present study. However, were any 


enzyme studies done in Group III? Ten percent of 
those patients required the intraaortic balloon pump. 


DR. LUNDELL: We thank the discussants for their 
commen:s and for sharing their experiences with us. 
Dr. Starr's group has demonstrated that careful ap- 
plication. of coronary perfusion can result in excellent 
results. We agree, however, that cardioplegia pro- 
vides a more suitable operative field. 

Dr. Clark's excellent studies on nifedipine have 
demonst-ated an additional method of myocardial 
protection, and we will watch with interest further 
developments in this field. 

Dr. Crsgrove has questioned the reason for the 
improved results in the more recent time period with 
coronary perfusion. Our experience, which parallels 
Dr. Starz s, shows that more careful perfusion of the 
coronary arteries distal to the obstruction results in a 
lower mortality and morbidity. The general im- 
provement in postoperative care and techniques 
also, I believe, plays a part in the improved results of 
the last 2 years. 

Dr. Iscm, we have used three techniques of car- 
dioplegiz, by choice of the individual surgeon. We 
have noi.ced no difficulties with cold blood given at 
5°C and have not detected red cell aggregates or for- 
mation of rouleaux. While enzyme criteria were ob- 
tained on most of the patients given cardioplegic so- 
lution, trere are not enough patients in each group to 
demonsizate a significant difference. 

Recent reports have suggested that coronary artery 
bypass grafting alone is not a stressful enough oper- 
ation to demonstrate differences between techniques 
of myocardial preservation. We believe that the com- 
bined procedure of AVR and coronary revasculariza- 
tion does put methods of myocardial protection to an 
adequate test. Our experience indicates that cold 
chemical cardioplegia is the optimal method of pro- 
tection fer this operation. 
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ABSTRACT Cold blood with potassium, 34 mEq/L, 
was compared with cold blood and with a cardio- 
plegic solution. Three groups of 6 dogs had 2 hours of 
aortic cross-clamp while on total bypass at 28°C with 
the left ventricle vented. An initial 5-minute coro- 
nary perfusion was followed by 2 minutes of perfu- 
sion every 15 minutes for the cardioplegic solution 
(8°C) and every 30 minutes for 3 minutes with cold 
blood or cold blood with potassium (8°C). Hearts 
receiving cold blood or cold blood with potassium 
had topical cardiac hypothermia with crushed ice. 
Peak systolic pressure, rate of rise of left ventricular 
pressure, maximum velocity of the contractile ele- 
ment, pressure volume curves, coronary flow, coro- 
nary flow distribution, and myocardial uptake of 
oxygen, lactate, and pyruvate were measured prior to 
ischemia and 30 minutes after restoration of coro- 
nary flow. Myocardial creatine phosphate (CP), 
adenosine triphosphate (ATP), and adenosine 
diphosphate (ADP) were determined at the end of 
ischemia and after recovery. Changes in coronary 
flow, coronary flow distribution, and myocardial 
uptake of oxygen and pyruvate were not significant. 
Peak systolic pressure and lactate uptake declined 
significantly for hearts perfused with cold blood but 
not those with cold blood with potassium. ATP and 
ADP were lowest in hearts perfused with cardio- 
plegic solution, and CP and ATP did not return to 
control in any group. Heart water increased with the 
use of cold blood and cardioplegic solution. Myo- 
cardial protection with cold blood with potassium 
and topical hypothermia has some advantages over 
cold blood and cardioplegic solution. 
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Potassium cardioplegia was introduced early in 
the history of cardiac operations to achieve a 
quiet heart [17], but recognition of apparent 
secondary myocardial injury prompted discon- 
tinuation of this technique [26]. Subsequently 
it has been demonstrated that the concentration 
of potassium and the osmolarity associated 
with Melrose's solution were excessive [25] and 
that the citrate component was inappropriate 
[11]. Gay and Ebert [9] resurrected potassium car- 
dioplegia not only as a method of arresting the 
heart but also as a means of enhancing myocar- 
dial preservation during ischemia. Additional 
experimental studies have emphasized that 
potassium cardioplegia alone is of limited value 
in extending the interval of myocardial preser- 
vation during ischemia, but that when it is 
combined with hypothermia there is definite 
enhancement of preservation [11, 19, 21, 24]. 

Having confirmed to our satisfaction that 
ischemic myocardium was better preserved by 
intermittent perfusion with a cold cardioplegic 
solution than with cold blood [15], it occurred 
to us that cardioplegia could be achieved by 
adding potassium to an aliquot of blood rather 
than using a fabricated or stock solution with 
the desired level of potassium [8]. 

This report details our observations on dogs 
with myocardial protection using profound 
topical hypothermia combined with intermit- 
tent coronary perfusion using cold blood, cold 
blood containing potassium, or a cardioplegic 
solution. 


Material and Methods 

Mongrel dogs weighing 20 to 24 kg were anes- 
thetized with pentobarbital, 30 mg per kilo- 
gram of body weight, administered intra- 
venously. Cuffed endotracheal tubes were 
inserted for ventilation with an Emerson res- 
pirator. The heart was exposed through a me- 
dian sternotomy and suspended in a pericardial 
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Fig 1. Experimental preparation in which the arterial 
return from the extracorporeal circuit is to the femoral 
artery with a separate line to the aortic root for coro- 
nary perfusion. (SG = strain gauge; LA = left atrial; 
LV = left ventricular.) 


cradle. Heparin, 300 units per kilogram, was 
administered intravenously. A large venous 
catheter was placed in the right atrium and a 
cannula in the femoral artery for cardiopulmo- 
nary bypass. Two 14 gauge plastic catheters 
were placed in the aortic root (Fig 1). One was 
connected to a Y in the arterial line for root 
perfusion after aortic cross-clamping and the 
second was connected to a pressure transducer 
for measurement of aortic root pressure (coro- 
nary perfusion pressure). Both internal mam- 
mary arteries were cannulated for measurement 
of systemic pressure and for arterial substrate 
analysis. The coronary sinus was cannulated 
through the right atrium for coronary venous 
substrate analysis. An esophageal temperature 
probe permitted monitoring of body tempera- 
ture. 

The extracorporeal circuit consisted of a dis- 
posable pediatric bubble oxygenator and heat 
exchanger, which was primed with 3 units of 


unmatched dog blood in acid-citrate-dextrose . 


(ACD) solution (less than 48 hours old), 50 ml of 
sodium bicarbonate, 4,000 units of heparin, 
and 0.6 gm of calcium chloride.: Volume was 
maintained with fresh blood drawn into ACD 
solution. The aortic root (coronary) line con- 
tained an electromagnetic flow probe for con- 


tinuous monitoring of coronary flow, and 
parallel segments of Teflon tubing (60 x 3/16 
inch or 1,524 X 4.8 mm), which were im- 
mersed in ice slush when cold coronary perfu- 
sion was desired. A thermocouple placed in the 
lumen cf this line near the aortic root cannula 
demons:rated a blood temperature of 6° + 2°C 
when tke Teflon tubing was placed in the ice 
bath. 

After -nstitution of cardiopulmonary bypass, 
a second venous drainage catheter was placed 
in the right ventricle, and gravity drainage 
catheters were placed in the left atrium and left 
ventricle. A balloon attached to a metal cannula 
and a 15 cm Teflon catheter was introduced into 
the left ventricle through the apex to measure 
pressure (Statham P23Db pressure transducer) 
and its irst derivative (dP/dt), which was re- 
corded with an RC differentiator (Gould) hav- 
ing a time constant of 0.01 second [4]. Prior to 
balloon insertion, a volume-pressure curve was 
obtainec in 5 ml increments to 50 ml to ascer- 
tain tha: the: prestretched rubber balloon did 
not influence ‘these measurements. A ther- 
mocouple wás inserted into the middle of the | 
anterior portion of the interventricular septum 
for continuous. measurement of myocardial 
temperature. — 

Arterial blood gases (Os, CO;, pH) were mea- 
sured every 30; minutes, and the pH was ad- 
justed by the addition of sodium bicarbonate to 
the vencus reservoir. The hematocrit was de- ` 
terminec every hour and maintained at 38 + 4 
vol per 100 ml by the addition of blood or lac- 
tated Ringer’ s solution to the venous reservoir. 
Arterial blood was analyzed for sodium and 
potassium in the control period, after 1 and 2 
hours of myocardial ischemia, and at the termi- 
nation cf the study. Arterial and coronary sinus 
oxygen, :actate,-and pyruvate were determined 
every: th:rty seconds using a*flow-through au- 
toanalyzer [13, 14]. 


anen mend Protocol 

After the preparation was: -completed, the as- 
cending aorta and pulmonary artery were 
clampec distal to the aortic root catheters to 
isolate the aortic root. Systemic and myocardial 
temperatures were maintained at 37.5° + 0.5°C 
and aortic root pressure at 70 to 80 mm Hg. 
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After a stable state was achieved, the left ven- 
tricular balloon catheter was inflated with 
physiological saline solution in increments of 5 
ml up to 25 ml. At each increment, heart rate, 
dP/dt, left ventricular end-diastolic pressure, 
and peak systolic pressure were recorded. After 
deflation of the balloon, 2 x 10° radioactive 
microspheres (strontium 85), 15 + i pw in 
diameter and suspended in saline solution with 
Tween 80 (polysorbate 80) and ultrasonically 
agitated, were injected into the coronary perfu- 


sion line. Systemic hypothermia to 27 + 2°C - 
. (Picker scintillation gamma counter). 


was induced. 

The 6 dogs in Group I had 2 hours of myocar- 
dial ischemia after 5 minutes of coronary perfu- 
sion with cold blood at 6° + 2°C. Perfusion was 
repeatéd every 30 minutes for 3 minutes with 
the cooling coil in the ice bath. To assure deliv- 
ery of the same volume of coronary flow as in 
Group II dogs, a 60 ml syringe was connected to 
a three-way stopcock in the coronary line distal 
to the cooling coil and proximal to the ther- 
mocouple. Precisely 400 ml of blood drawn 
through the cooling coil in 50 ml increments 
was delivered initially, and 200 ml was deliv- 
ered at each interval of perfusion at a root pres- 
sure of 50 to 70 mm Hg. Crushed ice made from 
lactated Ringer’s solution was placed about the 
heart after the initial perfusion with cold blood 
and was renewed as needed to maintain myo- 
cardial temperature at 7? + 2°C. During tne final 
perfusion, radioactive microspheres (cerium 
141) of the same size and volume as used ini- 
tially were placed in the second syringeful of 
cold blood. Biopsy of the right ventricle was 
obtained with bone forceps cooled in liquid ni- 
trogen prior to restoring coronary flow 20 min- 
utes after the final infusion of cold blcod. At 
that time, a needle biopsy of the left ventricle of 
several hearts in each group was obtaimed for 
electron microscopy. Each dog was warmed to 
37°C, and every 5 minutes a countersFock of 
five watt-seconds was delivered to resto-e nor- 
mal sinus rhythm, usually accomplished 10 
minutes after restoration of flow. 

Thirty minutes after return of coronary flow, 
baseline hemodynamic studies were repeated 
at 37.5? + 0.5°C with a mean root pressure of 
70 to 80 mm Hg. Coronary flow distribution 
was again determined with radioactive micro- 


spheres (scandium 46). Biopsy of the right ven- 
tricle was done again, with cold bone forceps. 
The heart was rapidly excised, and small sam- 
ples from the inner and outer myocardium were 
taken for electron microscopy. The left ventricle 
was weighed, and samples were taken from the 
right and left ventricle and septum for determi- 
nation of myocardial water content by desicca- 
tion at 80°C to constant weight. The free wall of 
the left ventricle was separated into inner and 
outer halves and the septum into right and left 
halves for sequential counting of the isotopes 


The 6 dogs in Group II were managed identi- 
cally to those in Group I except that each 
syringeful (50 ml) of cold blood (osmolarity, 310 
mOsm) was preloaded with potassium (1.5 
mEq) to achieve a final concentration of 34 + 3 
mEq/L (osmolarity, 340 mOsm). 

The 6 dogs in Group III had initial root perfu- 
sion with 500 ml of cardioplegic solution, which . 


' was cooled to 5° + 1°C and injected by hand 


into the aortic root catheter with a root pressure 
of 50mm Hg. Every 15 minutes, 100 ml of car- 
dioplegic solution was infused over 2 minutes. 
The temperature of the solution was 7° + 1°C 
when it passed the intraluminal thermocouple. 
Topical ice was not used, and myocardial tem- 
perature ranged from 10° to 20°C. Otherwise, 
Group II dogs were managed as those in 
Groups I and II. 

The cardioplegic solution used was that of 
Nelson and associates [22]: 750 ml of 596 
plasma protein; 50 ml of 2596 albumin (on- 
conicity, 14 torr); glucose 296; insulin, 2 units 
per gram of glucose; 30 mEq/L of potassium 
chloride; pH adjusted to 7.75 with trometh- 
amine; calcium chloride to obtain 0.6 mEq/L 
of free calcium; osmolarity of 380 mOsm; and 
distilled water, which was added to make a liter 
of the solution. 


a 


Calculations 

High-fidelity tracings of average left ventricular 
pressure pulses at a paper speed of 25 cm per 
second were entered by an optical curve reader 
whose position on the curve was digitized by 
an A to D converter and read by the computer. 
The computer generated continuous plots of 
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dP/dt, total pressure (P), and velocity of the 
contractile element (Vee = [k - dP/dt]/P) from the 
isovolumic portion of the pressure pulse. 
Maximum: velocity of the contractile element 
(Vmax) was determined by extrapolating the 
curve for Vee back to zero pressure using a least 
squares linear curve fitting program. Three 
beats were analyzed at each 5 ml increment of 
intraventricular balloon filling, the values for 
Vmax Were averaged, and preischemic and 
postischemic values were compared using the t 
test. 

Peak dP/dt was recorded from the left ven- 
tricular balloon catheter using an RC differ- 
entiator and corresponded with that calculated 
by the computer. 


Biopsy Analysis 
In addition to the frozen biopsies taken during 
ischemia and after recovery, right ventricular 
biopsy specimens were obtained from 3 dogs 
from each group after establishment of the 
preparation but prior to the induction of 
hypothermia (control biopsy) All biopsy 
specimens were placed immediately in liquid 
nitrogen. The frozen biopsies were weighed, 
pulverized, and mixed with frozen perchloric 
acid before a neutral extract for measurement of 
muscle phosphates was prepared. The extracts 
were then transferred to a freezer (—80°C) for 
subsequent analysis. The details of preparation 
of the muscle extract and of the automated, 
chromatographic method used to separate and 
quantitate muscle phosphates have been pub- 
lished [12]. Briefly, the extract is applied to a 
column of Sephadex QAE-A25, and the phos- 
phate compounds are eluted with a mixture of 
solutions, which form a continuous gradient of 
decreasing sodium sulfate concentration, de- 
creasing sodium borate concentration, and in- 
creasing sodium chloride concentration. As the 
eluate leaves the column, the organic phos- 
phates are partially hydrolyzed first by treat- 
ment with sodium hydroxide and subsequently 
with a sulfuric acid molybdate reagent. Then, 
the phosphate content of the eluate is continu- 
ously monitored using the Fiske-Subbarow 
method adapted for the autoanalyzer [7, 12]. 
The outputs from monitoring colorimeters are 


recorded to obtain elution patterns, from which 
the concentrations to the various compounds 
are calculated. Data obtained by this method 
were verified using standard substrate quanti- 
tation procedures based on enzymology. 

These methods provide quantitative mea- 
surements of adenosine triphosphate (ATP), 
adenosine diphosphate (ADP), adenosine 
monophosphate (AMP), free adenosine, crea- 
tine phosphate (CP), inorganic phosphate, nico- 
tine adenine dinucleotide (NAD), glucose- 
6-phosphate, fructose-6-phosphate, fructose 
diphosphate, inosine triphosphate with gua- 
nosine triphosphate, phosphoenol pyruvate, 
and inosine diphosphate with guanosine di- 
phosphate. 


Results 
Control and experimental data were compared 
with the paired ¢ test (Table 1). 


Left Ventricular Function 

Heart rate was unchanged in Group I dogs, 
declined insignificantly in Group II dogs, and 
declined significantly in Group III dogs. Peak 
systolic pressure declined significantly in 
Group I dogs at a balloon volume of 15 ml but 
not at 20 or 25 ml, and changes in the other two 
groups were not significant. 

Peak dP/dt declined insignificantly in Groups 
I and II dogs and increased in Group III ani- 
mals. The changes in Vmax were not significant 
and paralleled the changes in dP/dt. 

Coronary vascular resistance was calculated 
during the control period and after recovery 
from ischemia during the function studies. It 
declined insignificantly in Groups I and III and 
was unchanged in Group II. 


Left Ventricular Water and Compliance 
Heart waterincreased in Group I (p « 0.01) and 
Group III dogs (p < 0.05) but not in Group II 
dogs when compared with control hearts ex- 
cised from normal dogs (Table 2). 

Left ventricular compliance did not change in 
any group (Fig 2, see Table 2). 

Left ventricular muscle stiffness as calculated 
by the method of Glantz and Kernoff [10] (pa- 
rameter B) was not altered. 
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Table 1. Hemodynamic Data? 








Group I Group II Group MI 
Variable Control Experimental Control Experimental Control Experimental 
Heart rate (beats/min) 142 + 12 139 +7 176 +11 150 +9 1/5 X7 127 + 6° 
Peak systolic pressure (25 993-22 78 +12 161 + 16 124 + 21 89 + 24 107 +19 
ml EDV) 
Peak systolic pressure (20 92 + 18 66 + 10 136 + 14 121 + 21 78 + 23 111 + 20 
ml EDV) 
Peak systolic pressure (15 85 +13 op oe ge 108 + 12 112 t 19 101 + 35 96 + 18 
ml EDV) 
Peak dP/dt (mm Hg/sec) 2,050 + 620 1,200 + 168 2,817 € 511 2,167 + 404 2,033 £560 2,650 + 440 


Vmax (cm sec^?) 


Coronary resistance (mm 
Hg/ml/min) 


1.402 + 0.077 1.445 + 0.127 2.103 + 0.393 1.729 + 0.121 
0.500 + 0.065 0.357 + 0,046 0.404 X 0.023 0.405 + 0.047 0.564 + 0.148 0.338 + 0.0694 


1.815 + 0.141 2.020 + 0.142 





*Control and experimental data (+ 1 standard error of the mean) compared with the paired t test. 


5p < 0.001. 
tp < 0.02. 
ip < 0.05. 


EDV — end-diastolic volume; dPldt — rate of rise of left ventricula- pressure. 


Table 2. Left Ventricular Water, Muscle Stiffness, and Compliance? 


Group I 
Variable Control Experimental 
Left ventricular water (96 of 78.10 + 0.58 80.06 + 0.32» 


wet weight) 


Group II Group III 
Control Experimental Control Experimental 
78.1C £0.58 78.66 t 0.86 78.10 + 0.58 79.97 + 0.64* 
11.56 + 1.92 12.19 + 1.06 8.15 + 1.84 11.82 + 141 
1.2€ +046 0.66 + 0.13 1.50 + 0.68 1.40 + 0.57 
1.4€ + 0.47 0.90 + 0.16 1.70 + 0.66 1.69 + 0.58 
1.64 + 0.43 1.25 + 0.21 1.88 + 0.58 2.25 + 0.84 


*Contro] and experimental data (+ 1 standard errcr of the mean) compared with the paired t test. 


Muscle stiffness (parameter B 14.44 + 2.16 11.32 41.17 
of Glantz and Kernoff [10]) 

Compliance (dv/dp at 25 ml 1.25 + 0.60 0.94 + 0.19 
EDV) 

Compliance (dv/dp at 20 ml 1.56 + 0.61 1.14 € 0.21 
EDV) 

Compliance (dv/dp at 15 ml 2.06 + 0.65  1.4C + 0.24 
EDV) 

by « 0.01. 

tp < 0.05. 


dvidp = change in volume/change in pressure; EDV = end-diastoliz volume. 


Regional Coronary Flow 

The endocardial/epicardial flow ratios were as 
. follows: > 1.5 during the control period; > 1.0 
during the final infusion of cold blood, cold 
blood with potassium, or cardioplegic solution; 
and > 1.2 after recovery. These changes in flow 
distribution were not significant (Table 3). 


Total Coronary Flow and Metabolism 
Total coronary flow was averaged for the control 
period and during the first 15 minutes and the 


final 15 minutes of reperfusion (Table 4). Con- 
trol coronary flow was similar for the three 
groups. Reactive hyperemia was mild in Groups 
I and UI and nonexistent in Group H. Sub- 
sequent changes in coronary flow were minor. 
Mvocardial uptake of oxygen decreased from 
the control value during the first 15 minutes of 
reperfusion and returned toward control during 
the f:nal 15 minutes in all groups (see Table 4). 
Lactate consumption fell significantly (p « 
0.05) with reperfusion in Groups I and III and 
remained depressed in Group III dogs. Changes 
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Fig 2. Pressure-volume curves for hearts perfused with 
cold blood (Group I). The curves represent the mean 
+ 1 standard error of the mean. 


Table 3. Coronary Flow Distribution 
(EndocardiallEpicardial Ratio)? 


Time 

Period Group I Group II Group II 
Control 1.71 +0.10 1.58 + 0.14 2.12 +t 0.73 
Ischemia 1.48 + 0.16 1.59 £ 0.37 1.11 0.17 
Recovery 1.63 + 0.26 1.37 + 0.13 1.27 £ 0.13 


a+ 1 standard error of the mean. 


in Group II dogs were not significant (Fig 3, see 
Table 4). 

Pyruvate uptake was similar to lactate uptake 
in that it declined during the first 15 minutes of 
reperfusion in Group III dogs (p < 0.05) and 
remained depressed. Directional changes were 
similar but not significant in dogs in Groups I 
and II. 


Myocardial Biopsy 
Control biopsies from 3 dogs in each group 
were combined (Tables 5, 6). Each group was 
compared with the other two for ischemia and 
recovery, and significance of the data was de- 
termined with the t test. 

Creatine phosphate was profoundly depleted 
during ischemia and returned partially to con- 
trol levels without differences among the three 


groups. ATP was depleted during ischemia in 
Group III compared with Group II (p « 0.05) and 
remained depressed during recovery in com- 
parison to both Group I (p < 0.05) and Group H 
(p « 0.005). ADP did not change during isch- 
emia but fell during recovery in Group I (p « 
0.02) and Group III (p < 0.02) dogs. AMP was 
unchanged during ischemia but declined with 
recovery in all groups although it was lower in 
Group Il than in Group III (p < 0.05). 

Total energy (CP, ATP doubled, and ADP) 
fell in all groups with ischemia but Group III 
dogs had less energy than Group II animals (p 
< 0.02). Total energy rose slightly in all groups 
during recovery but remained well below con- 
trol, and the difference between Groups II and 
III persisted. 

The adenosine pool (ATP, ADP, AMP, and 
free adenosine) did not change in Groups I and 
II during ischemia but fell in Group III (p < 
0.05). This pool was lowered in all groups dur- 
ing recovery but was lower in Groups I and III 
than in Group II (p « 0.02). 

Nicotine adenine dinucleotide was un- 
changed during ischemia and fell during recov- 
ery in Group I only, which was different from 
Group II (p « 0.02). 

Inorganic phosphate rose in all groups dur- 
ing ischemia and fell below control during recov- 
ery without significant differences among the 
groups. 

Glucose-6-phosphate increased significantly 
in all groups during ischemia and returned 
nearly to control during recovery. 

Fructose-6-phosphate did not change in the - 
hearts in Group II dogs but climbed in Group I 
(not significant) and Group III (p « 0.05) hearts 
during ischemia and returned to control in all 
groups at the final biopsy (see Table 6). 

Fructose diphosphate increased during isch- 
emia in Group III dogs but was not different 
from the increase in Group I and II animals. The 
recovery levels were similar in all groups but . 


above control. 


Phosphoenol pyruvate rose in all groups at 
the ischemic biopsy. It returned to control 
levels in Group II hearts at the postischemic 
interval but not in the other groups. 

Guanosine triphosphate and inosine tri- . 
phosphate were measured together. The level 
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Table 4. Total Coronary Flow and Myocardial Uptake of Oxygen, Lactate, and Pyruvate? 








Measurement Group I Group II Group HI 
TCF (ml/100 gm LV/min) 
Control 191 + 34 207 + 17 192 3:27 
First 15 min 236 + 36 155 + 14 232 + 33 
Last 15 min 271 + 16 165 + 22 249 + 42 
Oxygen (ml/100 gm LV/min) 
Control 72.2 t 0.8 10.5 + 0.3 15.2 Ł 0.6 
First 15 min 96 t 1.2 7,5 30,9" 12.5 2:5 
Last 15 min 10.] + 1.9 8.2 + 0.9° 14.7 + 3.8 
Lactate (mg/100 gm LV/min) 
Control 1,99 «E: 0.32 2.49 t 1.31 2.97 + 0.46 
First 15 min —6.81 + 4.42* 0.58 + 2.03 0.98 + 0.66* 
Last 15 min -5,12 + 3.02 1.89 + 1.37 0.82 + 0.74* 
Pyruvate (mg/100 gm LV/min) 
Control 0.63 + 0.41 1.37 + 0.32 1.03 + 0.13 
First 15 min 0.18 + 0.49 0.90 + 0.43 — 0.01 + 0.65° 
Last 15 min C.14 + 0.42 1.27 + 0.49 — 0.01 + 0.407 


?Data (+ 1 standard error of the mean) compared with control using the paired t test. 


by < 0.001. 
ep < 0.05. 
åp < 0.025. 


TCF = total coronary flow; LV = left ventricle. 


in Group II hearts did not change with ischemia 
but it fell in Group I (p < 0.05) and Group III (p 
< 0.005) dogs. At the final biopsy there was a 
continued decline, but Group H hearts had 
higher levels than Group I (p < 0.02) or Group 
MI (p < 0.02) hearts. 

Guanosine diphosphate and inosine diphos- 
phate also were measured together. The isch- 
emic values were not different among the three 
groups nor were the recovery values although 
they were less than control. 


Ultrastructure 

There were no great differences among the 
three groups, and ultrastructural alterations 
were mild. They consisted of mild extracellular 
and intracellular edema, occasional mitochon- 
drial swelling, vacuolization, decrease in matrix 
density, and cristal alteration in the final bi- 
opsy. The biopsy specimens taken near the end 
of the ischemic interval revealed somewhat 
more intracellular and extracellular edema but 
particularly more mitochondrial swelling and 
loss of ground substance than did the post- 
ischemic specimens. This mitochondrial edema 
was most evident in Group IN (Fig 4) but 


proved to be reversible in the final biopsy (Fig 
5). 

A lesion we have not previously recognized 
was observed in 2 hearts from Group Il. It con- 
sisted of loss or disorder of myofibrillar struc- 
ture on one or both sides of intercalated discs, 
frequently extending across the width of a cell 
and up to 10 sarcomeres in length (Figs 6, 7). 
The lesion is apparently a disorganized super- 
contraction of the involved sarcomeres with a 
loss of apposition of Z bands. “Mini lesions" 
involving several sarcomeres were observed 
adjacent to several capillaries. This lesion was 
clearly distinct from contraction bands, which 
consist of compression or shortening of normal 
myofibrillar architecture, but not loss of mor- 
phology [1]. 


Comment 

We failed to control heart rate, which changed 
significantly (fell) in hearts in Group III only. 
This was not associated with the expected de- 
cline in the indices of contractility, which is 
known to accompany a slowing of the heart 
rate, and suggests even better preservation of 
the myocardium with respect to this function. 
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Fig 3. Lactate consumption curves (mean £1 standard 
error of the mean) for Group I (CB), Group II (CBK), 
and Group III (CS) have been normalized by reference 
to the mean of the control (C) level obtained prior to 
ischemia. Zero time indicates restoration of coronary 
flow after 2 hours of ischemia. (CB = cold blood; CBK 
= cold blood with potassium; CS = cardioplegic solu- 
tion; LV = left ventricle.) 


Table 5. Results of Myocardial Biopsy? 


Ischemia 

Measurement Control Group I Group II 

CP 12.16 +3.36 1.80 +0.50 2.19 +0.71 
ATP 4.51 +0.41 3.58.5 0.57 5.01 +0.92? 
ADP 0.97 +0.08 132 £0.25 1.30 +0.18 
AMP 0.71 £0.11 0.77 +0.14 0.75 +0.16 
Adenosine pool* 6.67 £0.34 6.11 x 0.86 7.01 +0.99 
NAD 0.095 + 0.018 — 0.078 + 0.034 0.109 + 0.034 
Inorganic phosphate 4,88 £0.76 6.75 +0.92 10.21 + 2.38 
Energy‘ 22.15 +£1.84 10.17 +0.99 13.51 + 1.93° 


2l 24 


Group III 


1.23 +0.19 
2.79 + 0.24^ 
0.10 + 0.15 
0.72 + 0.16. 
4,54 + 0.39" 
0.102 + 0.016 
9.21. +£1.29 
7.30 + 0.49" 


27 


Group I 


7.64 +£1.21 
2.26 + 0.38^ 
0.48 + 0.07* 
0.30 + 0.08 
2.77 X: 0.351 
0.024 + 0.007* 
1.96 + 0.66 
12.62 + 1.85 


Recovery 
Group II Group III 


8.21 +£1.91 5.42 + 0.83 
2.99 + 0.361 1.27 + 0.194: 
0.82 +0.09° 0.52 + 0.05* 
0.26 X 0.04 0.44 + 0.06^ 
4.47 +0.21¢ 223 +0.20 
0.121 + 0.032* 0.077 + 0.043 
1.93 zx 0.44 2.94 ż 0.49 
15.11 +2.09° 8.48 + 0.86* 


* Values given in micromoles per gram of wet weight + 1 standard error of the mean; statistical comparison has been made for each group 


with the others during ischemia and during recovery. 
by « 0.05. 

*p « 0.02. 

4p « 0.005. 

*ATP, ADP, AMP, and adenosine. 

‘CP, ATP doubled, and ADP. 


CP = creatine phosphate; ATP = adenosine triphosphate; ADP = adenosine diphosphate; AMP = adenosine monophosphate; NAD = 


nicotine adenine dinucleotide. 
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Table 6. Results of Myocardial Biopsy* 














Ischemia Recovery 

Measure- 
ment Control Group I Group II Group III Group I Group Il Group III 
F-6-P 0.049 + 0.013 0.168 + 0.088 0.048 + 0.026 0.210 + 0.057" 0.030 + 0.012 0.048 + 0.017 0.044 + 0.019 
FDP 0.021 + 0.005 0.081 + 0.032 0.096 + 0.017 0.393 + 0.231 0.068 + 0.008 0.082 + 0.017 0.080 + 0.011 
G-6-P 0.216 + 0.018 3.112 + 1.403 1.756 + 1.176 1.739 + 0.556 0.825 + 0.562 0.358 + 0.078 0.346 + 0.079 
PEP 0.101 + 0.030 0.470 + 0.143 0.346 + 0.069 0.372 + 0.112 0.304 + 0.091 0.111 + 0.024 0.176 + 0.038 
GTP and 

ITP 0.120 + 0.007 0.085 + 0.014 0.114 + 0.015° 0.053 + 0.005"* 0.049 + 0.0064 0.083 + 0.011% 0.038 + 0.007° 
GDP and 

IDP 0.059 + 0.005 0.050 + 0.010 0.057 + 0.007 0.046 + 0.004 0.025 + 0.004 0.043 + 0.007 0.040 + 0.010 





“Values given in micromoles per gram of wet weight + 1 standard error of the mean; statistical comparison has been made for each group 
with the others during ischemia and during recovery. 

dp < 0.05. 

*p < 0.02. 

dp < 0.005. 


F-6-P = fructose-6-phosphate; FDP = fructose diphosphate; G-6-P = glucose-6-phosphate; PEP = phosphoenol pyruvate; GTP = guanosine 
triphosphate; ITP = inosine triphosphate; GDP = guanosine diphosphate; IDP = inosine diphosphate. 
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Fig 4. Electron micrograph from the middle par* of the 
myocardium of a heart perfused with cardioplegic solu- 
tion at the end of 2 hours of ischemia. Significant mito- 
chondrial swelling and loss of matrix density are visible. 
The capillary endothelium (C) is not swollen and 


pinocytotic vesicles are present. (Original magnification 
x27,000.) 
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Fig 5. Electron micrograph of the inner myocardium 
obtained after 45 minutes of reperfusion from the same 
heart shown in Figure 4. The mitochondria are rounded 
with normal matrix density, which is in striking con- 
trast to Figure 4. Nuclear chromatin is well preserved, 
with little or no marginal concentration. There is en- 
dothelial cell swelling and glycogen is greatly depleted. 
(C = capillary endothelium; N = nucleus.) (Original 
magnification X27,000.) 


Our experimental observations indicate that 
the profoundly hypothermic myocardium is 
well preserved by intermittent perfusion with 
cold blood with potassium every 30 minutes for 
2 hours, and that intermittent perfusion with 
cold blood is not as effective. Previous studies 
of the use of potassium cardioplegia in the dog 
have involved normothermia or mild to moder- 
ate hypothermia, while observations in the rat 
indicate that potassium cardioplegia and pro- 
found hypothermia are additive [11]. Profound 
topical hypothermia alone does not provide 
adequate protection for 1 hour of ischemia [2]. 

Total coronary flow was less after ischemia in 
Group II dogs and increased in Groups I and 


III dogs while myocardial oxygen consumption 
(MVo,) declined in hearts perfused with cold 
blood with potassium. The decrease in MVo, 
suggests lack of an oxygen debt, impaired oxy- 
gen delivery, or inability to increase MVo;. 
Coronary flow distribution favored the en- 
docardium before and after ischemia. Lactate 
washout was mild after ischemia, thereby sug- 
gesting that tissue ischemia was minimal. 
Coronary vascular resistance was reduced after 
ischemia, and ultrastructure did not reveal 
capillary endothelial swelling. The hearts in 
Group II did not gain a significant amount of 
water so that flow restriction and a secondary 
decline in MVo, on the basis of cell swelling 
[16] seems unlikely when all the data are con- 
sidered. 

Despite the better protection afforded by cold 
blood with potassium, there is concern over the 
ultrastructural lesion (see Figs 6, 7). We have 
not previously seen this distinctive pattern of 
myofibril injury despite a moderate experience 
with the ultrastructure of the ischemic heart. 
We believe the same lesion occurred in hearts 
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Fig 6. Electron micrograph of the inner myocardium 
obtained at the end of reperfusion from a heart perfused 
with cold blood with potassium. Adjacent to two inter- 
calated discs (arrows) are contractile lesions charac- 
terized by a chaotic appearance of the involved sarco- 
meres with normal ultrastructure of the remainder of 
the field. (Original magnification x3,800.) 


having 1 hour of hypothermic (25°C) potassium 
(25 mEq/L) cardioplegia reported by Englemann 
and co-workers (their Fig 7) [5]. Although there 
is concern that the lesion may represent injury 
related to hyperkalemia, it may be peculiar to 
the canine heart as it was not found in 6 human 
hearts after 66 to 125 minutes of potassium car- 
dioplegia with cold blood with potassium using 
the technique described here [6]. 

Biochemical analysis of the frozen right ven- 
tricular biopsies did not reveal significant dif- 
ferences between Groups I and II during isch- 
emia but ADP, adenosine pool, and NAD were 
lower on recovery in hearts in Group I. 

It is well known that CP declines rapidly and 
ATP more slowly with the onset of myocardial 


ischemia. It is useful to consider total energy 
(CP, ATP doubled, and ADP) of the myocar- 
dium because this is a measure of the “high- 
energy phosphates” available to support cell 
metabolism. Phosphoenol pyruvate was not in- 
cluded in this summation since its contribution 
is small, although it also represents a high- 
energy phosphate that reacts with ADP to form 
ATP and pyruvate. Wright and associates [27] 
have serially biopsied the left ventricle during 1 
hour of normothermic ischemia with and with- 
out potassium cardioplegia. They also found 
that ATP levels were better maintained during 
ischemia with potassium cardioplegia but that 
ATP continued to fall with reperfusion while 
CP was restored. 

The adenosine pool (ATP, ADP, AMP, and 
free adenosine) is important from the stand- 
point of regeneration of high-energy phos- 
phates. During ischemia, ATP is converted to 
ADP, AMP, and finally adenosine, which 
may escape the cell and enter the vascular space 
where it is converted to inosine and hypoxan- 
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Fig 7. Higher magnification electron micrograph of a le- 
sion similar to those seen in Figure 6. On one aspect of 
an intercalated disc (arrow) is the characteristic disor- 
ganization of myofibrillar structure. Complete loss of 
apposition of the Z bands (Z) is noted, as is absence of 
mitochondria. On the opposite aspect of the intercalated 
disc, the mitochondria and myofibrillar structure are 
normal. (C = capillary endothelium.) (Original mag- - 
nification X27,000.) 


thine by enzymes in the vascular endothelium 
[3]. Because the rate of de novo synthesis of 
cardiac nucleotides is quite slow and falls short 
of the calculated loss during control and isch- 
emic or hypoxic conditions, the preservation of 
and rephosphorylation of nucleosides is of 
great importance [3]. Inadequate adenosine 
would limit regeneration of high-energy phos- 
phates during reperfusion. 

Activation of the glycolytic pathway as a 
source of energy during ischemia focuses on the 
rate-limiting step, which is the conversion of 
fructose-6-phosphate to fructose diphosphate 
by phosphofructokinase [23]. This enzyme is 
inhibited by ATP and citrate and enhanced by 


inorganic phosphate, fructose diphosphate, 
AMP, and ADP. Glucose-6-phosphate rises 
initially during ischemia and, in turn, inhibits 
hexokinase. During reperfusion it promotes 
glycoger. synthesis. 

Although gluconeogenesis does not occur in 
the myocardium due to the absence of the en- 
zyme fructose-1,6-diphosphatase [20], guano- 
sine triphosphate is of some importance be- 
cause it contributes to the formation of AMP. 
"]t is likely that the control of the synthesis of 
AMP and GMP from their common intermedi- 
ate, inosine-monophosphate, depends on the 
levels of ATP and GTP" [18]. 

Group III cannot be compared fairly with the 
other two groups because topical hypothermia 
was not used and coronary perfusion was re- 
peated at intervals of 15 rather than 30 minutes. 
Although the hearts in this group were moder- 
ately hypothermic (10° to 20°C) rather than 
profoundly so (7° + 2°C), there was excellent 
preservation of function. Metabolically they 
were not as good as the hearts in Group II with 
regard to lactate and pyruvate consumption, 
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high-energy phosphates, and the adenosine 
pool. During recovery, Group III hearts had lower 
ADP than Group I hearts. Higher fructose-6- 
phosphate in the hearts in Group III suggests 
greater glycolytic activity. Although compliance 
and muscle stiffness did not change, the hearts 
in Group III dogs gained water and the isch- 
emic biopsy revealed significant mitochon- 
drial swelling (see Fig 4), which proved to be a 
reversible lesion (see Fig 5). These latter obser- 
vations are of concern in the instance of pro- 
longed ( > 2 hours) potassium cardioplegia in 
which cardiac edema might progress. 
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Radionuclide Assessment 


of Aortocoronary Bypass Surgery 


Robert A. Corne, F.R.C.P.(C), Mervyn S. Gotsman, F.R.C.P., 
Jack Baron, B.Sc., Jean Salomon, Ph.D., Rafael Vaknine, Ph.D., Joseph Rod, M.D., 
Avraham Weiss, M.D., and Henri Atlan, M.D., Ph.D. 


ABSTRACT Rest and exercise thallium 201 myo- 
cardial scintigraphy and multiple gated radionuclide 
angiography were correlated with the results of 
clinical status, exercise electrocardiography, coro- 
nary arteriography, and contrast left ventriculog- 
raphy in a series of 12 prospectively studied con- 
secutive patients before and after aortocoronary 
bypass operation. 

Patients were divided into two groups based on a 
comparison between preoperative and postoperative 
20T] scintigrams. Group 1 (6 patients) demonstrated 
improved or normal postoperative perfusion scinti- 
grams and excellent correlation between the site of 
a patent graft and the improvement in myocardial 
perfusion on the postoperative exercise scinti- 
grams. Regional wall motion remained normal in 
3 patients and improved in 3. In Group 2 (6 pa- 
tients) the postoperative ^"Tl scintigrams were 
unchanged or worse. Each patient demonstrated 
graft occlusion, graft stenosis, distal disease, or a 
perioperative myocardial infarction. No improve- 
ment in regional wall motion occurred in 4 of 
these 6 patients. Neither the symptomatic response 
to aortocoronary bypass operation nor the response 
to exercise testing successfully predicted graft pa- 
tency. 


The increasing utilization of aortocoronary 
bypass operation for the treatment of patients 
with intractable angina pectoris due to coronary 
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atherosclerosis has necessitated an objective 
means c1 assessing the procedure. While car- 
diac catheterization and coronary arteriography 
with selective bypass graft visualization pro- 
vide information regarding graft patency, this 
technique is invasive and is associated with a 
low but definite morbidity and mortality. Myo- 
cardia! perfusion scintigraphy at rest and exer- 
cise provides a sensitive, noninvasive method 
to evaluate regional functional myocardial per- 
fusion [1. 4, 7, 12, 20, 29, 39]. Ventricular func- 
tion can be evaluated objectively and noninva- 
sively by radionuclide angiography [3, 6, 9, 34, 
35, 35]. 

The present study was undertaken to evalu- 
ate rest and exercise thallium 201 (°°'Tl) myo- 
cardial scintigraphy and multiple gated ra- 
dionuclice angiography before and after aor- 
tocoronary bypass operation, and the results 
were correlated with the clinical status, exercise 
electrocardiography, coronary arteriography, 
and contrast left ventriculography. 


Methods 

A series of 12 consecutive patients undergoing 
aortocoronary bypass grafting were studied 
prospectively. Rest and exercise *’'Tl myocar- 
dial scintigraphy and multiple gated radionu- 
clide angiography were done before and after 
operation. Preoperative and postoperative car- 
diac catheterization and contrast angiography 
also were performed. Postoperative evaluation 
was performed three months after operation. 
There were 11 men and 1 woman with a mean 
age of 58 years (range, 44 to 74 years). Eight of 
the 12 patients had had prior myocardial in- 
farction. Preoperatively, all patients had angina 
pectoris that was refractory to medical treat- 
ment. The interval between radionuclide im- 
aging and angiography was 24 to 72 hours. Pa- 
tients were placed on preoperative medication 
two weeks before the postoperative studies. 
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Myocardial Perfusion Imaging 

Myocardial imaging was performed at exercise 
and rest. Before the exercise study, an indwell- 
ing catheter was inserted percutaneously into 
an antecubital vein. The patient exercised on a 
treadmill according to the Bruce protocol [8] un- 
til 85% of his maximal heart rate was reached 
or chest pain or fatigue developed. Thallium, 
2 mCi, was injected, and the exercise was 
continued for an additional 60 seconds. The 
electrocardiogram was monitored continuously 
throughout the exercise study and during the 
imaging procedure, which was performed in 
an adjacent room. Imaging began 10 minutes 
after injection. Rest myocardial images were 
obtained by repeating the imaging procedure 
4 hours after the exercise study. 

Images were recorded in the anterior and 
45-degree left anterior oblique positions with 
the patient supine by rotating the detector, and 
in the left lateral position with the patient on 
his left side over the detector. Five hundred 
thousand counts were recorded in each posi- 
tion. An Elscint Model CE-1 scintillation cam- 
era (37 photomultiplier tube, 30 cm crystal 
diameter) equipped with a high-resolution 
parallel hole collimator was used for all studies. 
Images were recorded with a 2096 window 
centered on 75 kev. Images were recorded on 
Polaroid film from the camera console and also 
were digitized on-line on a magnetic disc as 128 
X 128 static byte matrix pictures on a PDP* 11/45 
computer running the GAMMA 11 nuclear 
medicine software.* Polaroid pictures from the 
analog data were flood corrected at the camera 
console during data collection using a built-in 
camera feature. Flood correction was performed 
by software on all computer images following 
data collection. 

All studies were interpreted by two observers 
who had no knowledge of the angiographic 
or electrocardiographic findings. Five segments 
of the left ventricle (septal, anterolateral, pos- 
terolateral, inferior, and apical) were analyzed 
using both the Polaroid (unprocessed) data and 
the computer-processed data. Polaroid data 
were interpreted qualitatively according to the 
following criteria: resting images were cate- 


"Digital Equipment Corporation. 


gorized as normal if there was homogene- 
ous distribution of tracer uptake, and abnormal 
if there was a focal reduction in tracer uptake in 
regions that normally have homogeneous dis- 
tribution of radioactivity. The exercise study 
was considered positive if a new perfusion de- 
fect developed or if there was an increase in the 
rest defect. 

The computer-processed images were dis- 
played in 128 x 128 matrix and activity from 
equel regions of interest determined from the 
five segments of the left ventricle. A significant 
perfusion defect was considered present at rest 
when there was a reduction of 2096 or more in 
counts between one or more of the anatomical 
segments of the left ventricle [33]. The exercise 
image was considered positive for ischemia if a 
new perfusion defect appeared during exercise 
or if there was an increase in a rest defect at 
exercise. Postoperative images were compared 
with preoperative images and classified as 
normal or improved (Group 1), and unchanged 
or worse, i.e., a new perfusion defect (Group 2). 


Multiple Gated Radionuclide Angiography 

Following the intravenous administration of 20 
mCi of autologous red blood cells labeled with 
technetium 99m, multiple gated acquisition 
imaging was performed with the patient in the 
45-degree left anterior oblique and 30-degree 
right anterior oblique positions. The pulse 
height analyzer was centered at 140 kev with a 
20% window. A PDP 11/15 computer was pro- 
grammed in such a way that all the available 
computer memory was divided into twelve 
buffers in which data pertinent to twelve equal 
successive portions of the cardiac cycle were 
placed during a fixed period of time. The R 
wave of the ECG triggered the gating circuit. 
An average of 500,000 counts were collected in 
each of the twelve intervals of the cardiac cycle. 
The data were presented as a continuous 
movie, and regional wall motion was assessed 
visually as normal, hypokinetic, akinetic, and 
dyskinetic. Areas of asynergy were localized to- 
specific regions of the left ventricle. 


Exercise Electrocardiography 


Exercise electrocardiography was performed 
initially during clinical evaluation and again 
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during exercise imaging. Standard graded 
treadmill exercise using the Bruce protocol 
[8] was performed until 85% of the maximal 
heart rate was attained or until angina pectoris 
or severe fatigue developed. The Frank lead 
system [17] and precordial leads V, through V, 
were employed for monitoring before, during, 
and for 10 minutes after exercise. The treadmill 
exercise ECG was interpreted as positive if 
horizontal or downsloping S-T segment depres- 
sion of 1 mm or more compared with rest ap- 
peared during or immediately following exer- 
cise and lasted a minimum of 0.80 second. The 
double product, calculated as the product of the 
maximal heart rate and peak systolic blood 
pressure, and the maximal duration of exercise 
in seconds were recorded for each exercise test. 


Coronary Arteriography 
Coronary arteriography was performed em- 
ploying the Judkins technique in multiple pro- 
jections on 35 mm film using a 412 inch mode 
General Electric image intensifier. Coronary 
arteriograms were evaluated by an independent 
observer unaware of the radionuclide imaging 
results. The percent luminal narrowing of each 
angiographic lesion was measured and the lo- 
cation noted. Stenosis of greater than 70% of 
one or more of the three major coronary arteries 
was considered hemodynamically significant. 
Postoperatively, selective injection of the graft 
or grafts or an aortic root angiogram was per- 
formed. Left ventriculography was performed 
in all patients in the 30-degree right and 45- 
degree left anterior oblique positions. Regional 
wall motion was evaluated as already de- 
scribed. 

Results were subjected to statistical analyses 
according to Student's t test for paired data. 


Results 

Patients were divided into two groups based on 
a comparison between preoperative and post- 
operative *°'Tl scintigrams: Group 1 consisted 
of 6 patients who demonstrated improved or 
normal postoperative perfusion scintigrams 
(Fig 1), while Group 2 consisted of 6 patients in 
whom the postoperative *’'Tl scintigrams were 
unchanged or worse (Fig 2). The correlation of 
the clinical status and angiographic evaluation 
with the ?"'T] perfusion scintigrams is pre- 





Fig 1. Successful aortocoronary bypass operation. Pre- 
operative (upper panels) and postoperative (lower 
panels) thallium 201 scintigrams made at rest (left 
panels) and during exercise (right panels) in the 45- 
degree left anterior oblique (LAO) view. On the scinti- 
grams made at rest, there is decreased tracer concentra- 
tion in the inferior wall. The increased perfusion defect 
in the scintigram made during exercise preoperatively is 
not present after coronary bypass operation. Preopera- 
tive coronary arteriography revealed triple-vessel coro- 
nary disease. Coronary arteriography three months 
postoperatively revealed patent grafts to the left an- 
terior aescending, circumflex, and right coronary ar- 
teries. 





Fig 2. Unsuccessful aortocoronary bypass operation. 
Preoverative (upper panels) and postoperative (lower 
panels) thallium 201 scintigrams made at rest (left 
panels) and during exercise (right panels) in the 45- 
degree left anterior oblique (LAO) view. The resting 
scintigrams are normal. The perfusion defect in the scin- 
tigrams made during exercise has increased from the 
septum preoperatively to the inferoseptal region post- 
operatively. Coronary arteriography three months post- 
operatively revealed occlusion of the graft to the left 
anterior descending coronary artery and greater than 
7095 distal stenosis of the grafts to the circumflex 

and right coronary arteries. 
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Table 1. Postoperative Clinical, Angiographic, and Scintigraphic Results 





i = Clinical Status Coronary Angiogram Exercise *°'T] Scintigram 
GROUP 1 
1 Asymptomatic Patent LMCA, LAD, Cx, and obtuse Normal 
marginal grafts 
Asymptomatic Patent LAD, Cx, RCA grafts Normal 
Asymptomatic Patent RCA graft; narrowing >70% Marked improvement; an- 
LAD graft terior defect 
Asymptomatic Patent LAD, Cx, RCA grafts Normal 
5 Asymptomatic Patent LAD and diagonal grafts Normal 
6 Asymptomatic Patent LAD and Cx grafts Normal 
GROUP 2 
1 Unimproved Narrowing >70% LAD and Cx grafts; Apical and inferior defects 
patent RCA graft 
2 Mild improvement Occluded LAD graft; narrowing >70% Septal and inferior defects 
Cx and RCA grafts 
3 Marked improvement Occluded LAD and Cx grafts; narrowing Septal and inferoposterior 
>70% RCA graft defects 
4 Asymptomatic Occluded RCA graft; narrowing >70% Inferior and septal defects 
LAD graft 
5 Asymptomatic Inoperable LAD; patent Cx graft Septal defect 
(periop. infarct) 
6 Asymptomatic Occluded RCA graft; inoperable Cx; pa- Inferoposterior defect 


tent LAD graft 





LMCA = left main coronary artery; LAD = left anterior descending coronary artery; Cx = circumflex coronary artery; RCA 


= right coronary artery. 


sented in Table 1. The preoperative and post- 
operative exercise data are shown for Groups 1 
and 2 in Table 2. 

Preoperatively, each of the 6 patients in 
Group 1 had incapacitating angina pectoris 
refractory to medical treatment. Postoperatively 
all were asymptomatic. No perioperative or 
postoperative infarction occurred in this group. 
Sixteen saphenous vein aortocoronary bypass 


grafts were inserted (average, 2.6 grafts per pa-. 


tient). Fifteen of the 16 grafts were patent; 1 
graft was narrowed greater than 70% at the site 
of the distal anastomosis. Of this group of 6 
patients, 1 had 4 patent grafts, 2 had 3 patent 
grafts, 2 had 2 patent grafts, and 1 had 1 patent 
graft with distal stenosis of the second graft. 
There was good correlation between the site of 
the patent graft and the improvement in myo- 
cardial perfusion on the postoperative exercise 


scintigrams. Five of the 6 patients did not show 
S-T segment depression on exercise testing 
postoperatively; the patient who had S-T seg- 
ment depression of 2 mm did not have chest 
pain and increased his heart rate from 126 beats 
per minute preoperatively to 166 beats per 
minute postoperatively, increased his blood 
pressure from 170/100 mm Hg preoperatively to: 
200/115 mm Hg postoperatively, and improved 
his exercise duration from 3 minutes before op- 
eration to 6 minutes after operation (exercise 
stopped due to fatigue). For this group, the 
mean double product increased from 19.3 + 2.8 
x 10° preoperatively to 29.0 + 5.9 x 10° post- 
operatively (p < 0.025), and the mean duration 
of exercise increased from 187.2 + 76.8 seconds 
to 464.2 + 198.3 seconds (p < 0.025). 

Five of the 6 patients in Group 2 had com- 
plete relief or marked improvement in angina 
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Table 2. Preoperative and Postoperative Results of Exercis2 Tests 
ia a a a A 


Preoperative Exercise Test 


Postoperative Exercise Test 








Patient Duration Duration 
No. ĮS-T Angina DP (sec) ĮS-T Angina DP (sec) 
GROUP 1 

1 Yes Yes 22.0 303 No No 31.3 810 
2 Yes Yes 21.4 180 Yes No 33.2 375 
3 Yes Yes 19.2 140 No No 22.3 325 
4 Yes Yes 15.6 258 No No 25.8 540 
5 No Yes 16.0 120 No No 23,9 255 
6 No Yes 21.3 122 No No 37.4 480 
GROUP 2 

1 No Yes 14.4 345 No Yes 14.3 190 

2 Yes Yes 13.4 90 No Yes 19.9 480 

3 Yes Yes 15.8 220 Yes Yes 21.6 360 

4 Yes Yes 17.8 210 No No 15.3 270 
5 No Yes 14.0 130 No No 30.6 630 

6 Yes Yes 14.6 210 No No 21.5 390 


IST = S-T segment depression 1 mm or greater; DP = double product (heart rate X systolic pressure x 10°). 


arant ^ 


pectoris postoperatively, while 1 patient was 
symptomatically unchanged. In 1 of the post- 
operatively asymptomatic patients, a peri- 
operative myocardial infarction was sus- 
pected based on marked reduction in R wave 
amplitude in precardial leads V, through V3. 
Fourteen saphenous vein grafts were inserted 
(average, 2.3 grafts per patient). Three of the 14 
grafts were patent, 5 were occluded, and 6 were 
narrowed greater than 7096 at the site of the 
distal anastomosis. Two of the 6 patients had 
distal disease involving a major coronary artery 
which prevented bypass grafting. For each of 
these 6 patients, the postoperative perfusion 
scintigram was unchanged or worse than the 
preoperative scintigram. They. demonstrated 
graft occlusion, graft stenosis, distal disease, or 
a perioperative infarction. Only 1 of these 6 pa- 
tients had S-T segment depression of 1 mm or 
greater on exercise testing postoperatively, 
while 3 of the 6 patients had chest pain. The 
preoperative mean double product (15.0 + 1.6 
X 10°) was significantly increased postopera- 
tively (21.1 + 6.1 x.10°; p < 0.05). The mean 
duration of exercise increased from 200.8 + 87.9 
seconds to 386.7 + 155.5 seconds (p « 0.025). 
Two of the 12 postoperative exercise perfu- 


sion sc_ntigrams were evaluated as unchanged 
from the rest scintigram employing the Polaroid 
data, whereas regions of reduced Tl uptake on 
exercise greater than on the rest scintigram 
were present on the computer-processed data. 
This study employed the results obtained from 
the com.puter-processed data. 

In the present study, there was complete pre- 
Operative and postoperative agreement in the 
assessment of regional wall motion employing 
multiple gated radionuclide angiography and 
contrast angiography (Table 3). In Group 1, wall 
motion postoperatively remained normal in 3 
patients and improved in the remaining 3 pa- 
tients, whereas in Group 2 no improvement oc- 
curred in 4 of 6 patients with abnormal contrac- 
tility preoperatively. 


Comnient 

In order to document by: noninvasive methods 
the efficacy of saphenous vein aortocoronary 
bypass zrafting and therefore, graft patency, 
numerous studies have reported marked relief 
of incapacitating angina pectoris and improve- 
ment in exercise tolerance [10, 15, 16, 21, 23]. 
Howeve-, some previous reports have docu- 
mented :he poor sensitivity of clinical history 
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Table 3. Results of Multiple Gated Radionuclide Angiography and Contrast Angiography 
ee Ba a e a a a 


Preop. Regional Wall Motion 


Postop. Regional Wall Motion 








Patient Contrast Contrast 

No. MUGA Angiography MUGA Angiography 
GROUP 1 
ORO tS 
1 Normal Normal Normal Normal 

2 +2 Inferior +2 Inferior +1 Inferior +1 Inferior 

3 +1 Apex +1 Apex Normal Normal 

4 +2 Inferiorlapex +2 Inferior/apex +1 Inferior/apex +1 Inferior/apex 
5 Normal Normal Normal Normal 

6 Normal Normal Normal Normal 
ae tt Lp pMMEMME .LL 
GROUP 2 

a !HIÁ—— I ——— ———— '/»^———Á— Á— 
1 +1 Inferior +2 Inferior Unchanged Unchanged 

2 +1 Apex +1 Apex Unchanged Unchanged 

3 Normal Normal Normal Normal 

4 +2 Inferior +2 Inferior Unchanged Unchanged 

5 +3 Apex +3 Apex Unchanged Unchanged 

6 Normal Normal Normal Normal 





MUGA = multiple gated radionuclide angiography; +1 = hypokinssis; +2 = akinesis; +3 = dyskinesis. 


and the unreliability of exercise electrocardi- 
ography in evaluating the results of aortocoro- 
nary bypass grafting [2, 13, 19]. In 5 of our 6 
patients in whom myocardial revascularization 
was unsuccessful, symptomatic improvement 
was reported. The mean duration of exercise 
and the mean double product were significantly 
increased postoperatively not only in patients 
with successful aortocoronary bypass operation 
but also in patients with unsuccessful revas- 
cularization. In 1977, Block and associates [5] 
demonstrated improvement in exercise capacity 
and loss of ischemic S-T segment depression 
postoperatively, after unsuccessful aor:ocoro- 
nary bypass grafting. In some patients im- 
provement after unsuccessful myocardial re- 


vascularization appeared to be relaied to. 


perioperative myocardial infarction [2, 5, 13, 
19]. Additional explanations for postoperative 
improvement in the absence of an increase in 
myocardial blood flow include the placebo ef- 
fect of operation and cardiac denervation [11, 
14, 26, 31, 32]. 

Although cardiac catheterization can docu- 
ment graft patency, this invasive technique is 
associated with morbidity and mortality. In 
1974 Zaret and co-workers [37] suggested that 


rest and exercise myocardial perfusion imaging 
with potassium 43 before and after aortocoro- 
nary bypass grafting appeared to offer a sensi- 
tive noninvasive means of assessing regional 
myocardial blood flow postoperatively. They 
repcrted that no patient with a patent graft and 
norraal distal coronary vessels demonstrated an 
abnormality in the distribution of the graft 
whi.e no patient with graft occlusion demon- 
strated normal perfusion in the corresponding 
myccardial region. These results were ccn- 
firmed by Lurie and associates [24] with 
rubidium 86 and recently by a number of in- 
vestigators with ?9!' T] [18, 22, 27, 28, 30, 36]. Cur 
results are in agreement with these studies. The 
presence of a normal or improved postoperative 
exercise myocardial perfusion scintigram was 
indicative of a patent graft. On the other hand, 
when the postoperative exercise scintigram was 
ufichnanged or worse, we uniformly found graft 
occlision, graft stenosis, distal vessel disease, 
of perioperative infarction. 

McLaughlin and co-workers [25] documented 
the reproducibility of repeat *’Tl myocardial 
scintigraphy, thereby enabling this diagnostic 
study to be employed in follow-up studies. It is 
essential to note that approximately 20 to 3096 
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of patients with hemodynamically significant 
coronary atherosclerosis do not develop myo- 
cardial perfusion defects on exercise [1, 7, 12, 
29]. Therefore, as noted by Ritchie and col- 
leagues [28], the failure to develop an exer- 
cise-induced perfusion defect must be inter- 
preted conservatively. 

The relationship between revascularization 
operation and left ventricular function depends 
on a complex interplay involving graft patency, 
progression of obstructive lesions in grafted 
and nongrafted coronary arteries, and the pres- 
ence and extent of myocardial infarction. Mul- 
tiple gated radionuclide angiography is an 
accurate, noninvasive method to assess left 
ventricular function. Results obtained with this 
technique have been shown to correlate well 
with cardiac catheterization and left ven- 
triculography [6, 9, 34]. In the present study, 
employing this method and contrast left ven- 
triculography at rest preoperatively and post- 
operatively, regional wall motion remained 
normal or improved in patients with patent 
grafts and improved *™T] perfusion scinti- 
grams; in contrast, there was no improvement in 
wall motion in patients who underwent unsuc- 


cessful myocardial revascularization. However, 


these results were obtained on a small number 
of patients; it is necessary to expand this study 
to fully evaluate these initial observations. 

It is concluded that neither the symptomatic 
response to aortocoronary bypass grafting nor 
the response to exercise testing successfully 
predict graft patency. On the other hand, myo- 
cardial perfusion scintigraphy with *'Tl does 
provide a sensitive, objective, noninvasive 
method of assessing functional regional myo- 
cardial perfusion postoperatively. Preliminary 
results with multiple gated radionuclide an- 
giography and evaluation of regional wall mo- 
tion suggest that this technique may also be 
useful in assessing the success of myocardial 
revascularization. 
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Surgical Management of Traumatic Intracardiac Injuries 


Hartwell H. Whisennand, M.D., Stephen A. Van Pelt, M.D., 
Arthur C. Beall, Jr., M.D., Kenneth L. Mattox, M.D., 


and Rafael Espada, M.D. 


ABSTRACT Today, surgeons are able to manage 
both blunt and penetrating wounds of the heart with 
increasing success, including those with associated 
intracardiac injuries. After diagnosis by cardiac 
catheterization, substantial intracardiac lesions are 
repaired using cardiopulmonary bypass. 

Among more than 300 patients treated for cardiac 
wounds in our city-county hospital in recent years, 
15 were found to have marked intracardiac defects. 
These defects included ventricular septal defects, 
aorta—right ventricle fistulas, aortic valve injuries, a 
mitral valve injury, and a coronary artery—right ven- 
tricle fistula. 

Thirteen of the 15 patients required repair of the 
intracardiac defects. One was repaired acutely and 12 
were repaired electively. All 15 patients were alive 
and asymptomatic at the time of writing. 


Successful clinical cardiorrhaphy for trauma 
was performed by Rehn [23] 132 years ago. 
Since that time, the approach to the manage- 
ment of cardiac injuries has alternated between 
aggressive and conservative methods [1, 4, 8]. 
Blunt and penetrating wounds of the heart are 
being managed now with increasing success [2, 
16, 25, 29]. Of the surviving patients, those with 
associated traumatic intracardiac lesions pre- 
sent a unique problem to the surgeon [2]. Until 
the development of satisfactory cardiopulmo- 
nary bypass, these injuries were of academic 
interest only. Today, with cardiopulmonary 
bypass and following diagnostic evaluation by 
cardiac catheterization, definitive surgical re- 
pair can be performed with little morbid- 
ity and mortality [3, 10]. This report describes 
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15 patients with traumatic intracardiac defects, 
13 oz whom underwent successful repair. 


Material 

The Ben Taub General Hospital, a city-county 
hospital, serves as the major trauma center for 
the greater metropolitan area of Houston. As 
handling of the emergency patient improves 
becaus2 of better emergency ambulance ser- 
vice, more patients with cardiac injuries are 
reachir.g emergency centers alive [22, 23, 26]. 
The approaches for the patient with thoracic 
injury or multiple injuries and for the patient 
who arrives moribund following trauma have 
been described previously [1, 2, 5]. Due to ad- | 
vances in emergency center care of patients 
with cardiac injuries, such as early. thoracotomy 
in the emergency center, more patients with 
intracardiac injuries are surviving [16]. 

In recent years, 300 patients with cardiac in- 
juries have been managed at our city-county 
hospital. Fifteen of them (5.096) had associated 
intracardiac defects. In 13 (86.7%), these defects 
were hezmodynamically significant, eventually 
requiring definitive surgical repair. All but 1 of 
the 15 patients were men. In 9 patients, the le- 
sions were secondary to stab wounds; in 5, they 
were from blunt trauma; and in 1, the lesion 
was cacsed by a gunshot wound. The resultant 
defects included the following: traumatic in- 
traventricular septal defect, 7 patients (46.7%); 
aortic valve insufficiency secondary to ruptured 
leaflets, 3 patients (20.096); ascending aorta- 
right ventricle fistula, 3 -patients (2096); coro- 
nary artery-right ventricle fistula, 1 patient 
(6.7%); and mitral valve insufficiency second- 
ary to a lacerated valve leaflet, 1 patient (6.7%). 
Initial management (Table) involved only 
medical observation in 6 patients, primary 
pericarciocentesis in 4, and suture closure of an 
external cardiac wound in 5. In 1 patient, the 
external cardiac injury and the intraventricular 
septal defect were closed at the primary opera- 
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Injury, Methods of Treatment, and Results in 15 Patients with Traumatic Intracardiac Injuries 


Patient 

No., Age Method Anatomical Management of Injury 

(yr), Sex of Injury Diagnosis Primary Injury Definitive Results 
1. 24, M SW A-RV fistula None OSR Asymptomatic 
2. 50, M SW A-RV fistula Pericardiocentesis OSR Asymptomatic 
3. 44, M SW A-RV fistula Pericardiocentesis OSR Asymptomatic 
4, 28, M SW VSD Pericardiocentesis OSR Asymptomatic 
5.39, F BT AVI None OSR/AVR Recurrence; 

asymptomatic 

6.20, M SW VSD Pericardiocentesis OSR Asymptomatic 
7. 37,M SW VSD OSR ui Asymptomatic 
8.52,M BT AVI None AVR Asymptomatic 
9, 33, M SW MVI 1? repair MVR Asymptomatic 

10. 25, M BT AVI None AVR Asymptomatic 

11. 20, M SW VSD 1° repair None Asymptomatic 

12. 42, M GSW LCA-RV fistula 1? repair None Asymptomatic 

13. 19, M SW VSD 1? repair OSR Asymptomatic 

14. 28, M BT VSD None OSR Asymptomatic 

15. 32, M BT VSD None OSR Asymptomatic 


SW = stab wound; A-RV = aorta~right ventricle; OSR = open suture repair; VSD = ventricular septal defect; BT = blunt trauma; AVI 
= aortic valve insufficiency; AVR = aortic valve replacement; MVI = mitral valve insufficiency; 1° = primary; MVR = mitral valve 


replacement; GSW = gunshot wound; LCA-RV = left coronary artery—right ventricle. 


tion. Thirteen patients with hemodynamically 
significant intracardiac defects were surgically 
repaired by suture closure of the shunt, Dacron 
patch closure, or prosthetic valve replacement, 
all on cardiopulmonary bypass. Two patients 
with unremarkable intracardiac shunts did not 
undergo repair. All 15 patients survived and 
remain asymptomatic. Six have been previ- 
ously reported [6]. 


Methods 


The patients in the series all were initially 
treated by residents in our training program, 
and those acutely injured were seen in the Ben 
Taub General Hospital in Houston. They were 
evaluated and stabilized through routine resus- 
citative measures [6]. 

Some of the adjunctive equipment and proce- 
dures routinely used in the trauma center 
are essential to the care of patients with 
cardiac injury. Overhead roentgenography is 
intrinsic to the trauma room. It allows quick 
evaluation of the traumatized chest for widened 
mediastinum, pneumothorax, hemothorax, or 
foreign bodies. A portable pump with bubble 
oxygenator for cardiopulmonary bypass should 


be available in the emergency center. Auto- 
transfusion equipment should also be standard 
in the trauma room and is used routinely in 
patients with uncontaminated chest wounds. 
Fine-screen filtration of homologous and auto- 
transfused blood has become routine to mini- 
mize multiple blood transfusion problems, 
such as respiratory insufficiency. Central ve- 
nous pressure lines by the subclavian approach 
are placed routinely in patients with thoracic 
trauma. Antibiotics are administered prophy- 
lactically to all patients. Tube thoracostomy, 
pericardiocentesis, and occasional open tho- 
racotomy in the emergency center are used 
as adjuncts to initial treatment [6]. In patients 
requiring emergency thoracotomy, the external 
cardiac injury was repaired with interrupted 
horizontal mattress sutures with Dacron 
pledget reinforcement, in either the emergency 
center or the operating room. 

Cardiac catheterization was performed in all 
patients with suspected intracardiac defect 
prior to definitive repair or final disposition of 
a known intracardiac defect. 

In general, external cardiac defects were 
closed with interrupted horizontal mattress 
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Fig 1. Repair of aorta—right ventricle fistula: (A) inter- 
rupted mattress sutures over Dacron baffles and (B) 
‘completed repair. 
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Fig 2. Repair of interventricular septal defect: (A) inter- 
rupted mattress sutures and Dacron baffles and (B) 
closed defect. 


sutures tied over Dacron baffles. These defects 
can be quickly and securely closed with this 
suture technique. Internal cardiac defects are 
closed with interrupted mattress sutures tied 
over Dacron baffles, as with an aorta-right 
ventricle fistula (Fig 1) or an intraventricular 
septal defect (Fig 2). These baffles prevent the 
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Fig 3. Repair of ventricular septal defect using Dacron 
patches and standard suture techniques. 


suture from cutting the soft myocardial tissue 
and are better than simple, unbaffled sutures 
for dispersing suture tension. In traumatized 
myocardium, this suture technique is quite se- 
cure. If large areas of septal or ventricular mus- 
cle are destroyed, Dacron patches can be used 
to cover the defect and the repair effected with 
sutures using standard suture techniques (Fig 
3). 

In the event of valve injury, the involved 
valve is replaced with a prosthetic one (Fig 4). 
In the first case of aortic insufficiency following 
blunt trauma, the insufficiency was at the 
commissure between the left coronary and non- 
coronary cusps. This portion of the valve was 
torn from the annulus. It was repaired by re- 
suturing the valve to the annulus over baffles. 
Recurrence of the aortic insufficiency resulted 
when the repair sutures of silk became dis- 
rupted two years after repair, necessitating 
reoperation and aortic valve replacement (Fig 


5). The patient is now doing well. Since car- 


diopulmonary techniques have become rela- 
tively standardized, replacement of hemodyna- 
mically significant traumatic valve injuries is 
accomplished easily [6, 15]. 

Most cardiorrhaphies and all intraventricular 
septal defects were repaired with interrupted 
horizontal mattress sutures tied over Dacron 
baffles. Care was taken to avoid injury to or li- 
gation of coronary arteries or their branches. 


533 Whisennand et al: Traumatic Intracardiac Injuries 


Vl 


ud 
É 4 
m 7 





Fig 4. Mitral valve insufficiency and prosthetic re- 
placement. 





Fig 5. Aortic valve insufficiency: (A) the insufficiency 
at the commissure between the left coronary and non- 
coronary cusps; (B) repair done by resuturing over baf- 
fles; (C) recurrence; and (D) prosthetic replacement. 


When the lesion was near a coronary artery, the 
horizontal mattress suture was passed beneath 
it. This allows repair of injuries close to these 
vessels without compromising them. The aor- 


toventricular fistulas also were closed with in- 


terrupted mattress sutures tied over baffles. 


Resalts 

All 15 patients with traumatic intracardiac le- 
siors survived. Only two complications were 
noted. In 1 patient, aortic valve insufficiency 
was repaired with interrupted sutures tied over 
a beffle. After two years, however, the sutures 
broke, and insufficiency recurred. Aortic valve 
resection and replacement was performed. In a 
seccnd patient, serum hepatitis occurred two 
months postoperatively. The hepatitis resolved, 
and the patient is asymptomatic and doing 
wel. 

With the prosthetic materials such as Dacron 
or the prosthetic valves that are available, there 
is the constant threat of infection. Fortunately, 
that complication has not been noted in this 
series. Broad-spectrum antibiotics are admin- 
istered preoperatively and postoperatively to 
all patients. 

S.x of the 15 patients received no primary 
treatment for the cardiac injury, 4 underwent 
primary pericardiocentesis, and 4 underwent 
thoracotomy and ventriculorrhaphy. One pa- 
tiert had ventriculorrhaphy and open suture 
repair of an intracardiac defect as primary 
treatment. One patient (Patient 1) with multiple 
chest and abdominal stab wounds had asso- 
ciated jejunal lacerations, which were repaired 
at laparotomy. 

Cf the known intracardiac defects, one was 
repaired acutely and fourteen were followed for 
a variable period of time before definitive re- 
pai-. The 3 patients with aortic valve insuffi- 
ciency and progressive congestive heart failure 
who were being managed medically sub- 
sequently were catheterized and had definitive 
repair performed eight months, eight years, 
and four weeks, respectively, after the date of 
the injury. 

The patient with traumatic mitral insuffi- 
ciency was operated on two weeks after injury. 
The patients with a ventricular septal defect 
were operated on an average of two weeks after 
injury, except for the patient in acute failure in 
whom the defect was repaired at the time of 
primary ventriculorrhaphy (Patient 7). The 3 
patents with aorta-right ventricle fistulas 
uncerwent definitive repair five, six, and seven 


weeks after initial injury. All patients with no- 


tabe intracardiac defects were seen initially 
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with symptoms of cardiac decompensation and, 
at catheterization had left to right shunt and 
elevated right heart pressures or gross valvular 
insufficiency. 

The 2 nonsurgical patients (Patients 11, 12) 
were essentially asymptomatic and had a left to 
right shunt with normal right heart pressure. 
One had an intraventricular septal defect with a 
left to right shunt of 1.2:1, and the other had a 
left coronary artery-right ventricle fistula with 
an unremarkable shunt. Both are asymptomatic 
and doing well. 

Cardiac injury resulted from a variety of 
causes. In 3 patients, aortic valve insufficiency 
was produced by blunt trauma. There were 
seven stab wounds to the right ventricle, re- 
sulting in an aorta-right ventricle fistula in 3 
patients and: a ventricular septal defect in 4. 
There were two stab wounds to the left ventri- 
cle, resulting in a ventricular septal defect in 1 
patient and mitral valve insufficiency in an- 
other. One gunshot wound to the right ventri- 
cle produced a coronary artery—ventricle fistula. 
Two ventricular septal defects resulted from 


blunt trauma. One of the patients sustained a. 


stab wound and subsequent traumatic mitral 
valve insufficiency; prosthetic mitral valve re- 


placement was done. All of the intraventricular . 


defects and aortoventricular fistulas that were 
repaired were done with interrupted mattress 
sutures (see Fig 2) tied over Dacron baffles or 
utilizing a Dacron patch. All these patients have 


been followed by the surgery and cardiology 


departments, and are alive and asymptomatic 
with follow-up to nineteen years. 

The incidence of associated intracardiac in- 
juries was reported by Boyd and Strieder [9] as 
496 in patients with cardiac trauma. In this se- 
ries, 15 patients with diagnosed intracardiac 
traumatic defects represented 5.096 (15 of 300) 
of all patients with cardiac injuries seen in our 
city-county hospital. Prior to the development 
of cardiopulmonary bypass, these injuries were 
treated medically. Now, using cardiopulmo- 
nary bypass, they are repaired with a high de- 
gree of success. There are multiple reports of 
either isolated cases or small series of intracar- 
diac injuries and their treatment. In some of 
these reports, a conservative approach to car- 
diac trauma is favored [8] while in others, an 


aggressive surgical approach is recommended. 
Initial treatment of patients has progressed 
from pericardiocentesis as definitive therapy 
for cardiac injuries [27] to early thoracotomy 
and carciorrhaphy with pericardiocentesis as a 
preoperative adjunct [5, 9, 16]. We now use 
pericardiocentesis in the emergency room for 
patients with suspected cardiac trauma as a 
diagnostic procedure and therapeutically in the 
trauma patient to relieve cardiac tamponade 
until th» patient can undergo thoracotomy, 
preferably in the operating room. All patients 
with a positive pericardiocentesis now undergo 
thoracic exploration. If a patient has acute car- 
diac cecompensation from a suspected intra- 
cardiac defect, emergency cardiac catheteriza- 
tion is indicated and immediate repair of the 
defect using cardiopulmonary bypass is possi- 
ble and indicated. Cardiac catheterization is 
mandatcry in those patients suspected of hav- 
ing intracardiac defects. It provides information 
that allows a precise approach to surgical repair 
and a better prediction of the prognosis. If fur- 
ther operation is not indicated, medical treat- 
ment and follow-up can be directed intelli- 
gently. 


Commer.t . 

Prior to Rehn’s [23] successful cardiorrhaphy in 
1847, su-gical attempts at treating cardiac in- 
juries were fraught with disaster. Homer [14] 
and Galen [12] pointed out the hopelessness of 
cardiorrlt.aphy. Bilroth [7] in 1883 denounced 
pericardiocentesis as a treatment to be used by 
surgeons. In 1886, Paget [20] stated that a stab 
wound cf the heart presented insurmountable 
difficultiss that no medical advances could 
overcome. In spite of this negative background, 
by 1895, two stab wounds of the pericardium 
had beer. successfully managed, one by Dalton 
[11] and one by Williams [28]. In the ten years 
following Rehn’s successful cardiorrhaphy, he 
collected 124 instances of surgically managed 
cardiac injuries, with 40% survival. With the 
passage of time and development of expertise 
in the treatment of such wounds, the morbidity 
and mor:ality of cardiac injuries progressively 
decreased [16]. Intracardiac defects associated 
with cardiac trauma have long been noted. 
Hewett [13] described a traumatic septal defect 
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in 1847. O’Neill [19] was among the first to 
perform operative closure of a traumatic septal 
defect. Until 1972, of 48 patients with traumatic 
septal defects reported in the literature, only 12 
had undergone operative closure [18]. Plender- 
leath [21] in 1830 described a patient with 
traumatic aortic valve insufficiency and added a 
patient of his. Since that time, there have been 
multiple reports of isolated traumatic valve in- 
juries that have been either suture repaired or 
replaced with a prosthetic valve [6]. 

Criteria for definitive surgical repair of intra- 
cardiac defects are elevated right heart pres- 
sure, an intracardiac shunt greater than 2:1, 
and cardiac decompensation or progressive 
valvular insufficiency in spite of adequate 
medical therapy. Thirteen of the 15 patients in 
our series required surgical intervention and 
repair in accordance with these criteria. 

There are reports that small septal defects will 
close without surgical intervention [24]. Midell 
and co-workers [17], however, believe that all 
septal defects that remain open for more than 
six months should be electively closed, even in 
the absence of symptoms, if the shunt has 


shown no evidence of getting smaller. We had 2 : 


patients with an intracardiac shunt of less than 
2:1 and normal right heart pressure who were 
treated conservatively. These patients were dis- 
charged on a regimen of short-term antibictics 
and followed closely. All are asymptomatic. 

In summary, all suspected or proved trauma- 
tic cardiac injuries should be explored surgi- 
cally, but, if possible, this intervertion should 
be limited to external cardiac repair and resus- 
citation. In all patients with suspected asso- 
ciated intracardiac injury, cardiac catheteriza- 
tion should be performed. Definitive repair of 
proved intracardiac defects is done when indi- 
cated, using cardiopulmonary bypass, as an 
elective procedure. 
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Designed for efficiency 
over a broad range of 
perfusion parameters 


The TMO Adult Membrane Oxygenator incorporates 
2.25 square meters of membrane and is indicated for 
total bypass on patients at flow rates up to six liters per 
r- Y minute. And, under standard test conditions as listed in 
^. 4 the direction insert (see table), the TMO Adult 
i \ Membrane Oxygenator transferred as much as 346 ml 
of oxygen per minute, while removing a slightly larger 
amount of carbon dioxide. The lowest practical prime 
for the Adult system (including oxygenator, reservoirs, 
and MINIPRIME* Disposable Heat Exchanger) is 900 
ml. When the arterial and venous lines are included, 
the entire circuit may be primed with as little as 1800 ml 
~— of celli r non-cellular fluid. Clinical experience has 
been r d on patients ranging in weight between 
25 Kg an@yl00 Kg. 
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TMO MEMBRANE OXYGENATOR 
PERFORMANCE CHARACTERISTICS 
Operation of the oxygenator under clinical conditions 
may produce different values from those illustrated 
because of the variables involved in the clinical 
perfusion procedure and in the manufacture of the 
device. The values shown are for approximation only. 
The charts below show the mean values from six 


STANDARD TEST CONDITIONS” oxygenators using canine blood. 


Condition Performance 


Blood Flow 6 liters/min 
Gas Flow 15 liters/min 






























Venous Saturation 60% 
Venous pCO, 47 mm/Hg 
Venous pH ise 
Temperature of D 
Hematocrit 41% 





Shim Pressure 300 mm/Hg 


*The ability of the TMO Membrane Oxygenator to transfer oxygen into 
and remove carbon dioxide from the blood will vary widely depending 
upon the condition of the blood 
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presented in reference No. 1. 
Source 2: Graph constructed from data 
presented in reference No. 3. 
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INDICATIONS 

The Travenol TMO Membrane Oxygenator is indicated for the oxygenation of blood and the 
removal of carbon dioxide from it in an extracorporeal circuit during total cardiopulmonary bypass 
at flow rates up to 6 liters/ minute at altitudes not in excess of 5300 feet (1615 meters). 


CONTRAINDICATIONS 
Selection of patients as candidates for oxygenation is totally a medical responsibility and the 
outcome is dependent on many variables, including patient pathology and surgical and perfusion 
procedures 

in patients who are actively bleeding, medical judgment must be exercised in the use of the 
device. Benefits of oxygenation must be weighed against risks of total body heparinization. 
Oxygen requirements and transfer rates are influenced by many variables during perfusion. 


WARNINGS 
Evaluation of this oxygenator at elevated altitudes has shown inadequate outlet partial pres: 
for total bypass (apparently because of lower O, partial pressure differences across 
membrane). Until appropriate modifications are made, use of this device at altitudes above 5 
feet (1615 meters) is not recommended. 

Use of blood suction devices must be limited where possible. 


PRECAUTIONS 
Adequate heparinization is essential. If the oxygenator is used in hyperbaric environments, 
sides of the oxygenator must be referenced to the same pressure. The gas outlet port sh 
remain open and free of any obstructions. 

Before using, refer to complete directions accompanying the product. 
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The Angell-Shiley Porcine Xenogratt 


William W. Angell, M.D., Judith D. Angell, B.5., Alex Sywak, M.D. 


ABSTRACT A 4-year clinical experience with 
fresh allograft tissue valves prompted a trial of 0.5% 
buffered glutaraldehyde as a valve fixative and 
sterilant. Tanned allograft and porcine xenograft 
valves were inserted into experimental animals, and, 
beginning in 1970, similar valves were implanted in 
a series of patients now totaling 312. The clinical 
results are excellent. The 5-year valve-related mor- 
tality is 6% for patients who had mitral valve re- 


placement and 1696 for those with aortic valve . 


replacement. To date, the incidence of thromboem- 
bolism is 1.396 per patient-year, and valve-related 


morbidity and mortality for the combined groups is- 


27.496. 

Valve stent design has evolved from symmetri- 
cally configured metal to anatomically molded plas- 
tic. The maintenance of natural valve configuration 
has optimized leaflet coaptation and support, de- 
. creased tissue stress, and eliminated valve-stent de- 
hiscence and tissue rupture seen in valves deformed 
to fit symmetrical stents. Stent design, controlled 
glutaraldehyde solutions, and fixation techniques 
have improved leaflet flexibility and reduced valve 
orifice to annulus diameter ratios, thus producing 
transvalvular gradients comparable to both me- 
. chanical and modified orifice tissue valves. To date, 
tissue failure, observed in only 1.0% (3 of 287) of 
patients, is the result of calcification (2 patients) and 
cusp rupture due to incomplete fixation (1 patient). 


Interest in the development of a xenograft 
prosthesis was stimulated by the logistical 
problems of availability, guaranteed sterility, 
and limited storage which plagued an other- 
wise favorable 3.5-year clinical experience with 
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the fresh allograft [4]. Because of the complete 
failure of 33 formalin-treated porcine valves [8], 
the use of glutaraldehyde as a fixative and 
sterilant was approached cautiously. Animal 
trials were followed by a small clinical series of 
6 patients in 1970 [1]. Careful follow-up of these 
patients over a 215-year interval revealed no 
evidence of valve failure or complications [5]. 
The decision was made to transfer the knowl- 
edge and experience gained from the use of 
both the autograft and the formalin xenograft 
to the fabrication of a glutaraldehyde tanned 
porcine valve graft. Since then, the association 
with Shiley Laboratories has added a further 
dimension of expertise to the development of 
this tissue valve prosthesis. This report in- 
volves 331 glutaraldehyde-treated xenografts 
implanted in 312 patients between June, 1970, 
and October, 1978. The series is analyzed with 
regard to overall patient morbidity and mor- 
tality, including the incidence of tissue fail- 
ure, thromboembolism, bacterial endocarditis, 
anticoagulant-related hemorrhage, and hemo- 
dynamic performance. The results of this analy- 
sis support the impression that the glutaral- 
dehyde-treated xenograft provides extended 
durability with a low incidence of valve- 
related complications. 


Material and Methods 

Between June, 1970, and October, 1978, 312 pa- 
tients underwent aortic (AVR), mitral (MVR), or 
multiple valve replacement utilizing 331 glu- 
taraldehyde-treated porcine xenografts (Table 
1). There were 227 men and 85 women with 
an average age of 55 years (range, 21 to 83 
years old). Twenty-nine percent of the patients 
were 65 years old or older. As shown in Table 2, 
72% of the patients had valve replacement as an 
isolated procedure, while the remaining 28% 
(86) underwent valve replacement in combina- 
tion with a second or third surgical procedure, 
usually coronary artery bypass grafting. Fifty- 
six patients (18%) underwent valve replace- 
ment with a porcine xenograft because of fail- 
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Table 1. Patient Information 





Factor AVR MVR Mult VR 

No. of patients 176 94 42 
Men 150 54 23 
Women . 26 40 19 

Average age (yr) 53 56 55 
Range (yr) 21-83 21-79 29-75 
65 years or over 32% 23% ` 26% 

Follow-up 

: Duration 417 221 69 

_ (patient-years) 
Average (yr)? a0 2.6 2.1 
Maximum (yr) 8.1 8.3 5.3 
Range (yr) 0.1-8.1  0.1-8.3  0.2-5.3 
Lost 1.796 0 0 

Current survivors 147 67 23 


"Patients surviving operation. 


AVR = aortic valve replacement; MVR = mitral valve re- 
placement; Mult VR = multiple valve replacement. 


Table 2. Patient Groups 


Procedure AVR MVR Mult VR 
Total patients 176 94 42 
Isolated .121 68 37 
procedure 
Combined 55 31%) 26 (28%) 5 (12%) 
procedure 
CABG x 1 24 12 0 
CABG x 2 19 11 3 
CABG x3 ` 3 me, 0 
Pacemaker 7 0 "0 
VSD closure 2 0 0 
Previous valve 24 (14%) 18 (19%) 14 (33%) 
operation 


AVR = aortic valve replacement; MVR = mitral valve re- 
placement; Mult VR = multiple valve replacement; CABG = 
coronary artery bypass graft; VSD = ventricular septal de- 
fect. 


ure of a previous graft. Only 37% of patients 
were considered ideal surgical candidates: they 
were less than 65 years old, had a cardiothoracic 
ratio of less than 0.55, and were undergoing a 
first procedure for isolated valve replacement. 
All patients seen with operable valvular heart 
disease were considered candidates for valve 
replacement with a porcine xenograft. There 
was no patient selection by age or by New York 
Heart Association Functional Classification. 


The patients in this series are, for the most part, 
consecutive, and tissue valves were used exclu- 
sively unless there was a patient or physician 
preference. All patients receiving xenografts are 
included in this analysis with the exception of 4 
patients (3 undergoing MVR and 1, AVR) who 
were operated on for primary coronary artery 
disease and in whom a valve was inserted only 
as a final attempt to wean the patient from car- 
diopulmonary bypass. All 4 patients died in the 
Operating room. 


Operative Technique 

Both AVR and MVR are performed through a 
median sternotomy. Standard cardiopulmonary 
bypass with caval and ascending aortic root 
cannulation was used in all patients but those 
undergoing single aortic valve replacement; in 
those patients, a single right atrial cannula was 
used. Myocardial protection during aortic | 
cross-clamping has evolved from surface cool- 
ing or coronary perfusion to the present use of 
cardioplegic solutions combined with surface 
and intracavitary cooling. Suturing methods 
have remained unchanged for MVR. Inter- 
rupted mattress Teflon-coated Dacron sutures 
from the ventricle to the atrium are used to 
secure the valve in place. Teflon bolsters are 
used in areas with minimal annular fibrous tis- - 
sue. The valve is positioned as high in the left 
atrium as possible, and it is rotated to ensure 
placement of the widest valve sinus in the area 
of the left ventricular outflow tract. The tech- 
nique for AVR has changed from intraannular 
positioning of the valve with interrupted mat- 
tress sutures from the aorta to the ventricle to 
supraannular positioning with sutures from 
the ventricle to the aorta [1]. Also, the valve 
is rotated so as to align the commissural strut 
between the right and left coronary sinuses of 
the valve midway between the right and left 
coronary ostia of the patient. This places the 
muscular right coronary cusp of the valve 
against the anterolateral muscular ridge of the 
left ventricle and positions the larger, less 
obstructive left valve cusp ànd the noncoronary 
valve cusp in the widest portion of the left ven- 
tricular outflow tract. In some instances, patch 
widening of the aortic root is used, but rarely is 
the annulus split [24]. These alterations in AVR 
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‘technique are thought to allow the use of larger 
valves and to reduce transvalvular gradients. 


Anticoagulation 

Postoperatively, most patients are treated-with 
heparin, 50 to 75 U per kilogram of body weight 
administered twice a day beginning approxi- 
mately eighteen hours after operation, and with 
warfarin until the prothrombin time reaches 20 
to 25% (2 to 2.5 times normal). Then, heparin is 
discontinued, and the prothrombin time is 
maintained at this level with warfarin for 8 to 16 
weeks, after which it is gradually withdrawn by 
tapering doses over an 8-week period. Patients 
in atrial fibrillation with a history of throm- 
boembolism and patients who, in addition, 
were foünd to have left atrial clot, intimal dis- 
ruption, or a “giant” left atrium at the time of 
operation were recommended for long-term 
warfarin therapy. Patients with a history of 
hemorrhage on a regimen of anticoagulants or 
in whom it was difficult to control the pro- 
thrombin time were placed on abbreviated or 
modified regimens of anticoagulation. 


Analytical Methods 
: Follow-up was conducted over a 2-month inter- 
val by contacting the patient or the referring 
physician or both parties. Patients were asked 
to complete a standard questionnaire specific 
for the type of valve replacement and designed 
to determine the presence of a valve-related 
complication or the risks of such a complica- 
tion. When a complication was suspected or 
known to have occurred, the referring physi- 
cian was contacted for verification and clarifi- 
cation or the patient was seen in this office. 

Table 1 summarizes the follow-up informa- 
tion for each valve replacement group. The total 
duration of follow-up for all patient groups is 
707 patient-years, with an average of 2.5 years 
and a range of 0.1 to 8.3 years. Of the 287 
patients who survived operation, 3 patients 
(1%) who underwent AVR have been lost to 
follow-up. 

Designation of patient morbidity and mor- 
tality as operative, valve-related, or non-valve- 
related was based on the following: 


1. All deaths witlun thirty days of operation or 
related to events within the first thirty days 
were designated as operative deaths. All pa- 
-ients who died of valve-related causes 
‘within thirty days of operation are included 
-n the valve-related morbidity and mortality 
curves. 

2. All sudden, unexplained deaths are desig- 
nated as valve-related. 

3. All cerebral vascular accidents and transient 
ischemic attacks are designated as valve- 
related. . | | 

4. All bacterial endocarditis was designated as 
valve-related, even in patients with mul- 
tiple-valve replacement in whom a mechan- 
ical prosthesis or allograft valve was also 
present. . 

5. All hemorrhages occurring when the patient 
was on a regimen of anticoagulants for the 
valve were designated as valve-related. 

6. All reoperations were designated as valve- 
related. | 

7. Hemodynamically significant regurgitation 
or stenosis as determined by clinical and 
catheterization methods was designated as 
valve-related. 

8. Questionable or hemodynamically insignif- 
icant murmurs weré not considered valve- 
related complications. | 

9. Hepatitis was not included as a valve-related 
complication. 

Patient morbidity and mortality, overall and 
valve-related, are expressed both by standard 
accuarial survival curves and by linearized oc- 
currence rates (Table 3) [6, 11, 16]. 


Patient Survival : 

The hospital mortality for xenograft AVR is 4%. 
Orerall late mortality expressed as a linearized 
race is 6.5% per patient-year (see Table 3). The 
ac-uarial overall survival curve* for AVR shows 
68% of patients alive at 8 years (Fig 1). When 
deaths from non-valve-related ‘causes are ex- 
cluded, the linearized risk of late valve-related 
mortality is 3.496 per patient-year, and the ac- 


*A 1 overall and valve-related survival curves include oper- 
ative mortality. 
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Table 3. Linearized Mortality and Morbidity Rates?” tuarial valve-related curve* shows 84% survival 


Aortic 
Valve 


Late mortality 6.5 
Thromboembolism 

Total 0.7 

Fatal 0 
Hemorrhage 

Total , 10 

Fatal 0 
Endocarditis 

Total 0.5 

Fatal 0.2 
Tissue failure 

Total 0.7 

Fatal 0.5 
Perivalvular leak 

Total 3.1 

Fatal 1.0 


? Values expressed as percent per patient-year. 


Fig 1. Actuarial overall and valve-related 8-year survi- 
vals for the 176 patients who underwent aortic valve 


replacement. 
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at 8 years. 

The operative mortality for MVR is high at 
9%. The linearized late mortality for this 
group is 8.1% per patient-year with an actuarial 
overall survival* of 51% at 8 years (Fig 2). How- 
ever, excluding all deaths known to have been 
unrelated to the xenograft, the 8-year actuarial 
valve-related survival” is 94%. Expressed as a 
linearized rate, the valve-related late mortality 
is only 0.5% per patient-year. 

Although Table 3 shows the statistics for the 
patients undergoing multiple-valve replace- 
ment, these figures do not represent true 
multiple-valve replacement with the xenograft. 
Sixty percent of the patients in this group have, 
in addition to a xenograft, either a mechanical 
prosthesis or an allograft in place, or they have 
undergone mitral or tricuspid annuloplasty. For 
this reason, the valve-related complications or 
deaths are difficult to determine and, therefore, 
are hard to analyze. Figure 3 describes the actu- 
arial overall and valve-related survival for this 
group, and shows, respectively, 48% and 73% 
of patients alive at 4 years. If operative mor- 
tality is excluded, the 4-year overall and valve- 
related survivals are 63% and 77%, respec- 


* All overall and valve-related survival curves include oper- 
ative mortality. 
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Fig 2. Actuarial overall and valve-related 8-year survi- 
vals for the 94 patients who underwent mitral valve re- 


placement. 
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Fig 3. Actuarial overall and valve-related 8-year survi- 
vals for the 42 patients who underwent multiple-valve 
replacement. 
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tively. Expressed as a linearized rate, overall 
late mortality, including operative deaths, is 
14.6% per patient-year. Operative mortality in 


this group is exceptionally high at 2196. It is. 


significant to note, however, that 5696 of the 
operative deaths (5 of 9) occurred in patients 
undergoing reoperation (4 patients) or in pa- 
tients in whom an additional noncardiac proce- 
dure was performed (1 patient). Two patients in 
this group experienced a thromboembolic com- 
plication; 1 of them also had an allograft valve 
in place. Thromboembolism was fatal for 1 pa- 
tient. Bacterial endocarditis was a fatal compli- 
cation for 3 patients. In 1 patient, it persisted 
after removal of an infected allograft, and an 
allograft valve was present in the second patient 


dying of endocarditis. Four patients experi- 


enced toxic perivalvular leak; it was the cause of 
` death in 2 of them. 


Thromboembolism 

There have. been no fatal thromboembolic 
events in either the AVR or MVR group. The 
linearized incidence for the AVR group is 0.796 
per patient-year, while in the MVR group it is 
somewhat higher at 1.896 per patient-year. It is 
significant to note, however, that the rate for 


Fig 4. Actuarial 8-year incidence of thromboembolism 
(TE) for aortic and mitral valve replacement. 
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patients undergoing MVR is skewed by the oc- — 
currence of 75% (3 of 4) of these events during 
the first 4 postoperative months. Figure 4 ex- 
presses the actuarial incidence of thromboem- 
bolism in both groups, and shows 95% of the 
patients who underwent AVR and 94% of those 
who had MVR to be free from embolus at 8 


years. 


Anticoagulant-related Hemorrhage 

While the risk of anticoagulant-related hemor- 
rhage is expressed as a linearized rate, this 
value is affected by an uneven distribution of 
events over the postoperative interval. Five 
of the 7 hemorrhagic complications occurred 
within 3 months of operation. As shown in 
Table 3, the risk for patients undergoing either 
AVR or MVR is 1% and 1.4% per patient-year, 
respectively. There were no fatal hemorrhagic 
events in this series. 


Bacterial Endocarditis 

The linearized occurrence of bacterial endocar- 
ditis for both the AVR'and MVR groups is 
identical at 0.5% per patient-year. One of 2 pa- 
tients who underwent AVR and who had en- 
docarditis died of this complication, resulting 
in a fatal risk of 0.2% per patient-year. The only 


FATALTE = 8 


AVR = 176 
| MVR = 94° -^ 
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incidence of endocarditis in the MVR group re- 
sulted in death. 


Perivalvular Leak 

The risk of developing a perivalvular leak with 
AVR is 3.1% per patient-year, with an asso- 
ciated linearized mortality rate of 1.0% per 
patient-year. For patients undergoing MVR, the 
linearized rate of occurrence is 0.6% per 
patient-year, with no risk of fatality. 


Tissue Fatlure 
The occurrence of tissue failure in tre AVR 
group is 0.7% per patient-year, with a 
linearized mortality rate of 0.5% per >atient- 
year. No tissue failure was experienced in the 
MVR group. 


Hemodynamic Function 

Two patients (1 each from the AVR ard MVR 
groups) in this series have undergone reopera- 
tion for significant transvalvular gradiemts. The 
patient requiring AVR, an extremely vigorous 
25-year-old man with hyperdynamic left ven- 
tricular contractility and a high cardiac output 
(7.3 liters per minute), was found 13 months 
postoperatively to have a 51 mm mean gradient 
across a 24 mm xenograft. At reoperation, the 
valve was noted to be normally flexi»le and 
without calcification. In the second patient, a 19 
mm mean gradient was measured across a 31 
mm mitral valve xenograft 10 months after im- 
plantation. The removed valve demonstrated 
inherently stiff leaflets without calcific changes. 

Clinically significant stenosis is pressnt in 2 
patients with small annulus diameter valves in 
the aortic (23 mm) and mitral (27 mm) position. 
While both patients are minimally symptomatic 
26 and 46 months postoperatively, they may 
well require reoperation. | 

Three patients who underwent AVR have 
clinically insignificant murmurs of xenograft 
insufficiency, one of which is thought to be 
perivalvular in origin. This condition has been 
stable in all 3 patients for 14, 18, and 30 months, 
respectively. 

Examination of two valve specimens from 
patients dying of left ventricular failure in a low 
output state, showed fibrin depositior. in the 
smallest cusp of these large, asymmetric valves. 


Comment 

The hospital thirty-day survival rates for both 
the AVR and MVR groups are not enviable, and 
in part, are explained by the exclusive use of the 
porcine xenograft during the past 5 years (1973 
through 1978). As in any consecutive series, 
this early mortality is more often a reflection of 
the patient’s preoperative age and New York 
Heert Association Functional Class than of the 
valve's performance. This is borne out by the 
valve-related survival and complication curves. 
Takle 4 lists the causes of hospital death in both 
patent groups; only 1 patient, who was under- 
going AVR, died of causes related to the valve. 
In -his patient, acute dehiscence of the valve 
resulted in cardiovascular collapse. In 3 patients 
witn AVR, sepsis was an important factor in 
the:r deaths. In 1 of them with a sternal infec- 
tion, a persistent, resistant bacteremia de- 


Tatle 4. Causes of Operative Death in Two 
Grcups of Patients Undergoing Aortic 
or Alitral Valve Replacement 


Vake’ Cause of Death? 


Intraoperative CVA (67) 

Sudden, unexplained (96) 

Bleeding (162) 

Reoperation for dehisced xenograft 
(183) 

Sternal infection (236) 

Renal failure and sepsis (256) 

Pulmonary infection (314) 

MI, s/p S.E. valve for TE, MI (40) 

Low. output, TVD, (LV function (64) 

Aspiration, tracheostomy, TVD 
(197) 

Hyperkalemic arrest, RP clot (212) 

Renal failure, TVD, | LV function 
(223) | 

Shock, ventilator, 1 Syst PAP (231) 

PI and fibrosis, cachectic (300) 

Low output, f Syst PAP, TVD (330) 


Ao-tic (4 %) 


Mital (9%) 





“Percentage represents hospital mortality. - 

"Number in parentheses is that of the glutaraldehyde- 
treated porcine xenograft involved.. Total number inserted 
= 321. ; 

CVa = cerebrovascular accident; TVD = triple-vessel dis- 
ease; LV = left ventricular; MI = myocardial infarction; s/p 
= satus post; S.E. = Starr-Edwards; TE = thromboem- 
bolism; RP = retroperitoneal; Syst PAP = systemic pulmo- 
nary artery pressure. 
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veloped and was the cause of death. Preopera- ` 


tive long-term steroid therapy for control of 
obstructive pulmonary disease contributed to 
pulmonary infection and death in a second pa- 
tient. A 78-year-old man died of sepsis result- 
ing from bowel perforation during peritoneal 
dialysis for renal failure. The remaining opera- 
tive deaths in the AVR group were due to an 
intraoperative cerebrovascular accident and to 
complications secondary to persistent bleeding; 
a sudden, unexplained death 1 week following 
discharge was presumed to have been due to an 
arrhythmia. 

Five of the 9 hospital deaths in the MVR 
group were the result of complications second- 
ary to poor left ventricular function and con- 
comitant triple-vessel coronary artery disease. 
A cachectic patient with pulmonary fibrosis 
and insufficiency and in whom mitral valve re- 
gurgitation was of questionable significance, 
continued to deteriorate postoperatively and 
eventually died. One patient died of cardiac ar- 
rest secondary to hyperkalemia, which was 
probably aggravated by an old retroperitoneal 
hematoma. One patient with a mechanical 
prosthesis died of a myocardial infarction and 
pulmonary insufficiency during reoperation. 
: Interestingly, this patient is the only hospital 


death among the 24 patients with isolated MVR. 


who underwent reoperation. 

The first year mortality was also high in both 
the AVR (13 patients) and MVR (10 patients) 
groups. With MVR, only 2 of the deaths were 
proved to be valve-related. One patient died of 
persistent bacterial endocarditis, and 1 died 
suddenly of an unexplained cause presumed to 
be valve-related. With AVR, 7 patients died of 
proved or possible valve-related causes within 
the first postoperative year. Three of these 
deaths were secondary to complications of 
perivalvular leak, 1 was due to bacterial en- 
docarditis, and 3 were sudden, unexplained, 
and presumed valve-related. For the remaining 
14 patients who died (8, MVR; 6, AVR), it was 
known that the cause of death was not valve- 
related or else at postmortem examination the 
xenograft was shown to be normal or at 
catheterization before death it was functioning 
normally. Table 5 lists the non-valve-related 
1-year mortality in both patient groups. 


Table 5. Non-Valve-Related Deaths 
in Postoperative Year 1 





Valve Cause of Death? 





Aortic Pulmonary embolus (12) 
Arrhythmia (137) 
Arrhythmia (144) 
Suicide (169) 

LV failure (274) 
Hepatitis (225) 
Suicide (31) 
Arrhythmia (33) 

LV failure (80) 
Cirrhosis of liver (114) 
LV failure (189) 

LV failure (249) 
Pneumonia (312) 

LV failure (307) 


Mitral 


“Number in parentheses after cause of death is that of the 
glutaraldehyde-treated porcine xenograft involved. Total 
number inserted = 331. 


LV = left ventricular. 


In the AVR group, valve-related mortality in 
years 2 through 8 was the result of tissue failure 
by calcific stenosis in 2 patients. Five patients 
died suddenly of unknown cause, which was 
presumed valve-related. The remaining 7 pa- 
tients died of causes clearly not related to the 
xenograft. None of the late deaths occurring in 
the MVR group were proved to be valve- 
related. One patient died of an unexplained, 
presumed valve-related cause, and the re- 
maining 8 patients were shown to have died of 
unrelated causes or to have normal xenografts 
postmortem or at catheterization. Table 6 de- 
scribes the causes of late death in both the AVR 
and MVR patient groups. 

A group of 42 patients includes those 
who underwent reoperation for a previous 
aortic or ‘mitral valve surgical procedure. 
There were 2 operative deaths, for a hospital 
mortality of 4.8%. This is less than that for pa- 
tients undergoing isolated valve replacement 
for the first time. The low surgical mortality in 
this group, the majority of whom were having 
reoperation because of allograft or formalin 
xenogratt failure, is a strong point in favor of 
the use of tissue valves, indicating a low risk to 
the patient should replacement due to ‘valve 
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Table 6. Cause of Late Deaths in Postoperat:ve Years 2 through 8° 





Valve Non-Valve-Related 


Cause of Death 


Valve-Related 





Mitral CAD and hepatitis 1109) 
Cancer (213) 


LV failure (191) 


Sudden, unexplained (14) 


Operation for other valve disease (115) 


Cancer (119) 

CHF (5) 

Other valve disease (28) 
Perforated peptic ulcer (83) 
Liver failure (103) 

Cancer (182) 

MI with TVD (74) 

CHF (99) 

LV failure (78) 

Cancer (2) 


Aortic 


Sudden, unexplained (55) 
Sudden, unexplained (143) 
Sudden, unexplained (139) 
Sudden, unexplained (153) 
Sudden, unexplained (195) 
Xenograft stenosis (16) 
Xenograft stenosis (20) 


? Number in parentheses after cause of death is that o: the glutaraldehyde-treated porcine xenograft involved. Total number 


inserted — 331. 


CAD = coronary artery disease; LV = left ventricular; CHF = congestive heart failure; MI = mitral insufficiency; TVD = 


triple-vessel disease. 


failure be necessary. Two patients in the pres- 
ent xenograft series failed to return for reoper- 
ation necessitated by marked calcific aortic 
stenosis, and both died. This points out the 
importance of close patient follow-up with 
postoperative catheterization or other defini- 
tive evaluation at the first indication of possible 
valve failure. 

No patient in this series sustained a fatal 
thromboembolism. However, as reportec. here 
and elsewhere [9, 13, 21],* the early risk of this 
event, particularly with MVR is significan:, and 
supports the concept of an early anticoagu ation 
regimen. It is important to note that two bf the 
three early thromboembolic events in the MVR 
group (Table 7) coincided with the abrupt ces- 
sation of anticoagulation therapy due to hemor- 
rhagic complication. Late thromboembolism in 
both groups (4 patients) can only be presumed 
valve-related and may, in fact, be noncardiac in 
origin. The actuarial occurrence of thromboem- 
bolic events during an 8-year interval is shown 
in Figure 4. 

The incidence of anticoagulant-related hem- 
orrhage is in agreement with that reported by 


*Oyer PE: Personal communication, 1979. 


Table 7. Occurrence of Thromboembolism 
and Hemorrhage by Postoperative Interval 


Interval 
(mc) AVR MVR 
THROMBOEMBOLISM 
0-12 None Stroke: hom hem 
Stroke: memory loss 
Stroke: no deficit 
12-24 TIA—APHASIA None 
24-36 None Stroke: no deficit 
36—18 TIA—APHASIA None 
TIA—APHASIA 
HEMORRHAGE 
0-12 GI bleed Subdural hematoma 
GI bleed Hematuria 
Vaginal bleed GI bleed 
12-24 GI bleed None 
24—36 None None 
36—18 None None . 


AVF. = aortic valve replacement; MVR = mitral valve re- 
placement; hom hem = homonymous hemianopia; TIA = 


. transient ischemic attack; GI = gastrointestinal. 
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" other investigators [9, 22]. While low, it re- 
mains a disturbing complication, occurring 
during short-term therapy in 3 of our patients 
who had AVR and 3 who underwent MVR, and 
in 1 patient who had MVR and 1 who had AVR 
who were on a long-term regimen of antico- 
agulation. Further reduction of this incidence 
may be possible only by more rigorous control 
or by accepting a shorter prothrombin time. 


Most important is the observation that in no- 


patient was hemorrhage fatal. 

Bacterial endocarditis, excluding patients 
who had more than one type of valve prosthesis 
in place, occurred at a rate of 0.496 per patient- 
- year for the combined MVR (1 patient) and AVR 
(2 patients) groups. Two patients died as a re- 
sult of this complication, 1 who had undergone 
replacement with a xenograft due to infection 
of the previously placed autograft. One patient 
was treated successfully. 

Perivalvular leak is the only serious valve- 
related complication encountered in this 8-year 
experience. This problem, which was seen to 
occur secondary to annular disruption from 
toxic glutaraldehyde present.in the sewing 
flange at implantation, reached disastrous pro- 


portions in the fifth year (1975) of our series. In . 


a 1-month period, 4396 of 14 patients operated 
on for valve replacement experienced this com- 
plication. Careful retrospective analysis of our 
own early experience showed a rather persis- 
tent, and for us, unusual occurrence of perival- 
vular leak in the absence of any predilection on 
the part of the patient. Furthermore, at the time 
of reoperation, we observed poor tissue in- 
growth and suture distraction even in a valve 
recipient with a healthy annulus. While an ex- 
tensive search of the literature failed to reveal 
any series reporting a similar problem, direct 
communication with other users of the glu- 
taraldehyde xenograft disclosed similar, un- 
explained incidences of lesser magnitude [9, 
10, 23]. The presence of annular necrotic tissue 
loss, microaneurysm formation (Fig. 5), and 
abscess in the absence of infection was thought 


to implicate a toxic, noninfective process with | 


no apparent relationship to operative technique 
or valve construction. In vivo and in vitro test- 
ing for toxic substances in the plastics, fabrics, 
or solutions used in valve fabrication failed to 





Fig 5. Microaneurysm formation resulting from 
glutaraide*^yde toxicity. 


identify any agent other than glutaraldehyde. 
Further analysis of the valve storage solutions 
revealed the presence of high concentrations of 
long-chain glutaraldehyde polymers known to 
be poorly soluble in aqueous solution. Subcu- 
taneous implantation in rabbits of fabric sam- 
ples stered in these insoluble, high-polymer 
content solutions was seen to produce abscess 
formation. Purification of glutaraldehyde so- 
lutions with further control of glutaraldehyde 
polymer content by strict adherence to recom- 
mended storage conditions (temperatures of 4° ` 
to 18°C and avoidance of exposure to ultraviolet 
light) and the use of a rigorous rinse protocol 
prior to implantation have been effective in 
eliminat:ng perivalvular leak from this series. 
Since October, 1975, 135 glutaraldehyde 
xenografts have been implanted without inci- 
dence: of perivalvular leak. Valves retrieved 
postmortem have shown good healing in the 
perivalvalar region without microscopic evi- 
dence.of tissue disruption or inflammatory 
reaction. It is believed that the cause of this © 
problem has been identified and corrected. 
However, we believe that information regard- 
ing the significance and potential for occur- 
rence of this complication with all types of 
glutaraldehyde xenografts- has not been appro- 
priately disseminated. Other groups using the 
glutaraldehyde xenograft have experienced un- 
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explained perivalvular leak, and we think an 
even higher occurrence may be obscured by 
bacterial endocarditis occurring secondary to 
toxic perivalvular disruption. 

Tissue failure is rare in this series and was 
observed only in 3 patients undergoing AVR. 
Calcification with resultant stenosis was the 
cause of death in 2 patients at 2.5 and 4.5 years 
postoperatively. The histological changes ob- 
served in these valves are of great concern. On- 
going study of long-term valves indicates that 
in some there is a gradual loss of architectural 
integrity with the insinuation of blood and 
serum into the valve substance, slow lamina- 
tion of the cusp, and subsequent calcification of 
the lesion. This process of calcification seems to 
occur with a strikingly increased frequency in 
children and in patients with aberrant calcium 
metabolism, such as those in renal failure [7, 12, 
18, 25].* Cusp perforation was seen in 1 patient 
reoperated on at 6 months for aortic insuffi- 
. ciency. Subsequent shrink temperature testing 
of the valve leaflets revealed incomplete glu- 
taraldehyde cross-linking. While tissue disrup- 
tion has been reported in other series with 
the Hancock valve, the incidence, at present, is 
not significant [7, 9, 12-14, 20, 22]. 


Hemodynamic Performance 

The hemodynamic evaluation of valve re- 
placement devices is a complex task. While 
there is excellent correlation between flow and 
gradients under steady-state in vitro condi- 
tions, marked disparity is reported between the 
in vitro and in vivo data [2, 15, 17, 19, 21, 26, 
27]. These correlations are complicated further 
by the normal physiological variations that 
occur particularly during exercise. The left ven- 
tricular dynamics, cardiac chamber size, and 
heart rate together affect the peak flow rate and 
the shape of the pulsatile flow curve so pro- 
foundly that, in individual patients, valve size 
is a relatively poor predictor of measured in 
vivo gradients. 

In our experience, the aortic xenograft be- 
haves as a fixed orifice valve. The steady-state 
flow curve is seen to be a straight line function 
on a log-log graph, with a plus or minus 1096 


*Oyer PE: Personal communication, 1979, 


standard deviation among valves of the same 
implantation diameter. Figure 6 illustrates how 
the in vivo gradients measured across a 24 mm 
valve in the aortic position of 10 patients com- 
pare with the in vitro steady-state flow curve. 
Peak flow rates are seen to vary from 6 to 23 
liters per minute (33096), and the measured 
gradients fluctuate fourfold from 6 to 24 mm 
Hg. The average peak flow rate and valve gra- 
dient of these 10 patients are 13.4 liters per 
minute and 19.0 mm Hg, respectively. 

The aortic valve gradients measured intra- 
operatively (51 patients) and at postoperative 
catheterization (18 patients) are shown in Fig- 
ure 7. There is considerable scatter of these data 
points, as would be expected, because of some 
variation in flow orifice among valves of the 
same annulus diameter and because of the 
physiological variability in peak flow from pa- 
tient to patient. In spite of this scatter, how- 
ever, there is a general decrease in the mea- 
sured gradient from the 21 mm to the 30 mm 
valves in the aortic position. Furthermore, as 
shown in Table 8, averaging the in vivo (intra- 
operative and catheterization) gradients mea- 
sured in valves 24 mm and smaller, there is a 
correlation between this value (19.2 mm Hg) 
and the predicted steady-state gradient of 19 
mm Hg assuming a peak flow of 13.4 liters per 
minute (cardiac output — 4.4 liters per minute). 
For aortic valves 25 mm and larger, the 13.5 mm 
Hg average of intraoperative (13.8 mm Hg) and 
catheterization (11.3 mm Hg) gradients corre- 


lates with the in vitro steady-state value of 12 


mm Hg assuming a peak flow of 15 liters per 
minute (cardiac output = 5.2 liters per minute). 
For valves in the mitral position, most re- 
ported hemodynamic data attempt to correlate 
valve size with measured diastolic mean gra- 
dients and calculated valve orifice areas. As 
with the aortic xenograft, in vitro steady-state 
gradients are consistent, straight line, log-log 
functions except at low flow rates and low pres- 
sure gradients. Under these latter conditions, 
leaflet flexibility becomes a significant factor in 
valve hemodynamics. If the cardiac output is 
measured at less than 2 to 2.5 liters per minute 
and if the change in pressure is less than 2 mm 
Hg, our studies as well as those of Thompson 
and Barratt-Boyes [26] and Wright [27] show 
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Fig 6. A comparison between in vivo aortic valve gra- 
dients measured with a 24 mm Angell-Shiley xenograft 
and the in vitro steady-state flow curve. 


that the valve leaflets only open partially and 
that the third valve leaflet, usually the right 
coronary cusp, moves poorly. Wright's study of 
5 tissue valve types also indicates that in the mi- 
tral position, the third leaflet is, on the average, 
not fully open until a flow of 12 liters per min- 
ute is achieved (cardiac output — 5 liters per 
minute). Of the valves tested by Wright, initial 
opening of the third leaflet is seen to occur at 
flows as low as 1.5 liters and, in some cases, this 
leaflet does not fully open until a flow of 18 
liters is attained. While Wright does show some 
correlation of this behavior with valve type, 
there is more variability among valves of the 
same type than between kinds of valves. For 
MVR, this inherent leaflet inflexibility most 
likely accounts for the poor correlation reported 
between the valve orifice size and the measured 
in vivo gradient [15, 19]. 

. In spite of these variables, in our present se- 


ries, the average measured in vivo gradient cor- 
related with valve size in the mitral position. As 
noted in Table 9, the average intraoperative and 
catheterization gradient for 26 to 29 mm valves 
was 5.3 mm Hg, and for 30 to 33 mm valves the 
average value was 2.4 mm Hg. This agrees rea- 
sonably well with the in vitro data of Wright 
[27] if one assumes that a mean flow of 140 ml 
per second is equivalent to a cardiac output of 
4.4 liters per minute. Under those conditions, 
Wright measured a 6 mm Hg gradient in the 27 
to 29 mm sizes and a 4 mm Hg gradient in the 
30 to 34 mm sizes of the Angell-Shiley valve. In 
addition, our own steady-state in vitro data 
would predict 4.1 and 2.3 mm Hg gradients for 
the smaller and larger valves, respectively, as- 
suming a cardiac output of 4.4 liters per minute, 
with a peak flow of 8.8 liters per minute. 
From a clinical standpoint, although the ef- 
fective flow orifice is less than optimal, the 
xenograft has permitted adequate function in 
98.6% (283 of 287) of surviving patients. In our 
experience, 1 aortic and 1 mitral valve have re- 
quired removal because of a high gradient. The 
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Fig 7. In vivo gradients measured intraoperatively and 
at postoperative catheterization with an Angell-Shiley 
xenograft aortic valve replacement. 


Table 8. Hemodynamic Measurements for Valves in the Aortic Position 








Annulus Diameter Annulus Diameter 
Gradient (mm Hg) 24 mm or less Average 25 mm or more | Average 
Intraoperative 18.2 (19 pts) ios 13.8 (42 pts) 15 
Catheterization 20.8" (12 pts) i 11.3" (6 pts) 
In vitro steady-state 19.02 (19.0) 12.0^ (12.0) 
“At a cardiac output of 4.4 liters per minute. 
"At a cardiac output of 5.2 liters per minute. 
pts = patients. 
Table 9. Hemodynamic Measurements for Valves in the Mitral Position 

Annulus Diameter Annulus Diameter 
Gradient (mm Hg) 29 mm or less Average 30 mm or more Average 
Intraoperative 4,3 (15 pts) an 2.5 (15 pts) T 
Catheterization 7.5" (7 pts) l 2.2" (9 pts) 
In vitro steady state 4.1” (4.1) 2a (2.3) 





* At a cardiac output of 4.4 liters per minute. 
pts = patients. 
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23 mm aortic xenograft did not provide an ade- 
quate flow orifice for a vigorous 25-year-old 
man with a high cardiac output and a hyper- 
dynamic left ventricular contractility. Reopera- 
tion included considerable patch widening of 
the aortic root to enable placement of a larger 28 
mm valve. The 30 mm mitral xenograft that was 
removed demonstrated inherently stiff leaflets 
without calcification; this resulted in a high 
gradient despite adequate size. Two additional 
patients, 1 with a 23 mm aortic xenograft and 1 
with a 27 mm mitral xenograft, have hemo- 
dynamically significant gradients at postoper- 
ative catheterization. These patients may well 
need reoperation, although at present they 
are minimally symptomatic. 

As mentioned earlier, poor leaflet mobility in 
the low cardiac output state (less than 2.5 liters 
per minute) is well demonstrated by cine- 
photography. In our series, 2 patients dying 
of non-valve-related cause in a low output 
state were found at postmortem examina- 
tion to have fibrin deposition behind the small- 
est leaflet of the large asymmetric valve. It is 
believed that the combination of a large valve in 


Fig 8. Valve-related morbidity and mortality among 270 
patients who underwent aortic or mitral valve replace- 
ment. 
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a patent with an initially low cardiac output 
may result in fibrin deposition and cause a pro- 
gressive.y higher valve gradient as the cardiac 
output increases in the later postoperative 
course. These observations have prompted us 
to mainzain a high cardiac output in the early 
postoperative period and to initiate early anti- 
coagulation treatment in order to reduce the 
deposition of fibrin and platelets around the 
functional portions of the valve leaflets. 

By comparison with the mechanical prosthe- 
ses, tissue valves such as the allograft and the 
glutaraldehyde xenograft are seen to have 
higher transvalvular gradients, both in vivo 
and in vitro. As indicated by the study of 
Wright [27], some hemodynamic differences 
exist between the Angell-Shiley, Hancock, and 
Carpentier-Edwards valves, but there is clearly 
more variation in measured hemodynamic data 
from patient to patient and valve to valve than 
is reported by the three manufacturers [2]. 
Newer tissue valve types such as the Ionescu- 
Shiley [27], the Hancock 250 series [17], and 
the prototype high-flow orifice Angell-Shiley 
valve are examples of the fact that most 
of the hemodynamic disadvantages seen with 
the tissue valve are solvable problems. The . 
annulus to flow orifice ratio of the glu- 
taraldehyde-treated tissue valve can be im- 
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Fig 9. Comparison of actuarial 5-year morbidity and 
mortality among xenograft, allograft, and mechanical 
prosthesis for (A) patients who had aortic valve re- 
placement and (B) patients who had mitral valve re- 
placement. 


proved to such a point that it is comparable to 
the best mechanical prosthesis. It is essential, 


however, that the proved intrinsic advantages- 


of the xenograft valve not be compromised in 
these alterations. | 
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Conclusion 

In our opinion, the most meaningful analysis of 
xenograft function is represented by actuarially 
determ_ned valve-related morbidity and mor- 
tality. As shown in Figure 8, 81% of the pa- 
tients who underwent MVR and 68% of the pa- 
tients who had AVR have survived 8 years 
without experiencing a valve-related complica- 


tion. The 13 patients (7.5% with AVR) who sus- 


tained toxic perivalvular leak during the first 
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postoperative year account for 50% (13 of 26) of 
the total number of valve-related complications 
and deaths in this group. Fortunately, the 
problem has been identified and has not re- 
curred in the last 3 years. 

A comparison of AVR and MVR with the 
xenograft, mechanical prostheses and the fresh 
allograft over a similar 5-year follow-up is noted 
in Figure 9. While retrospective studies defy 
statistically significant correlation, we believe, 
on the basis of past experience, that these 
trends and relationships are meaningful indi- 
cators of relative valve performance and risk to 
the patient. The comparison for patients under- 
going AVR shows results with the xenograft to 
be superior to those with mechanical pros- 
theses and not significantly different from 
those with the allograft. For MVR, the xeno- 
graft is seen to offer a significantly reduced 
risk of valve-related death and complication 
over either the allograft or the mechanical pros- 
theses. | | 

.In this experience, thromboembolism and 
anticoagulant-induced hemorrhage are reduced 
to a minimum and a nonfatal incidence of 1.196 
per patient-year. Valve failure is insignificant 
in the first 8 years of follow-up (0.596 per 
patient-year), and hemodynamic performance 
has been acceptable in all but 1.696 (4) of the 
surviving patients. We anticipate that im- 
proved stent design and glutaraldehyde fixa- 
tion methods will further enhance valve hemo- 
dynamics and long-term function. 

We continue to use the Angell-Shiley xeno- 
graft as the valve of choice for isolated aortic, 
mitral, and tricuspid replacement as well as for 
combined and complex procedures. 
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Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery now 
requires that candidates pass both the written 
and oral portions of the certifying examination. 

.. In 1980 and thereafter, a written examination 
will be given prior to the oral examination. It 
will be necessary to pass the written examina- 
tion before the oral examination can be taken. 
The closing date for registration for 1981 is Au- 
gust 1, 1980. The exact times and places of these 

examinations will be announced later. 


A candidate applying for admission to the 
1981 certifying examination must fulfill all the 
requirements for the Board in force at the time 
the application is received. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Road, Detroit, MI 48205. 


Successful Repair of Straddling Atrioventricular Valve 
by Technique Used for Septation of Univentricular Heart 


Gordon K. Danielson, M.D., Imad F. Tabry, M.D., Richard E. Fulton, M.D., 
Donald J. Hagler, M.D., and Donald G. Ritter, M.D. 


ABSTRACT Straddling atrioventricular valve 
(SAVV) is a rare anomaly. Only recently have the 
premortem diagnostic features been elucidated. Re- 


pair of the associated ventricular septal defect poses 


a considerable technical problem. Corrective opera- - 


tions, infrequently reported, have usually involved 
replacement of the SAVV. This report describes the 
successful management of a patient with a strad- 
dling left atrioventricular valve in whom the valve 
was preserved by a technique previously used for 
septation of the univentricular heart. This tech- 
nique offers a useful alternative to valve replace- 
ment in the management of patients with SAVV. 


Straddling atrioventricular valve (SAVV) is a 
rare anomaly, always associated with ventricu- 
lar septal defect and commonly associated with 
other complex cardiac anomalies.. Corrective 
operations, infrequently reported, have usually 
involved replacement oí the SAVV when the 
support mechanism extends across the ven- 
tricular septal defect to insert into the opposite 
ventricle. In this report, the successful man- 
agement of a patient with a straddling left 
atrioventricular valve is discussed. The valve 
was preserved by using a method for septation 
of the univentricular heart. 


A 5-year-old boy was first seen at the Mayo 
Clinic on December 5, 1977, for evaluation of 
congenital heart disease. He was noted at birth 
to be cyanotic and had undergone cardiac 
catheterization when he was 2 days old. The 
diagnosis of complete transposition of great 
arteries with ventricular septal defect, patent 
ductus arteriosus, and pulmonary stenosis had 
been made. His condition worsened, and a 
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Waterston shunt was performed when the pa- 
tient was 6 weeks old, with resulting improve- 
ment. He was attending kindergarten, but had 
experienced an increased number of respira- 
tory infections, particularly streptococcal sore 
throats, and had noted increased exertional 
dyspnea during the six months prior to evalua- 
tion. 

When seen at the Mayo Clinic, the patient 
was 11L5 cm tall and weighed 18.8 kg (50th 
percentile). He had cyanosis with clubbing. A 
right an-erolateral thoracotomy scar was present, 
and ihe chest was asymmetrical with left pre- 
cord:al »ulging. There were a right ventricular 
impulse and a systolic thrill over the right 
upper sternal border. The second heart sound 
was sirgle. A grade 4/6 systolic ejection mur- 
mur wes present at the left sternal border with 
radiation to the upper right sternal border, and 
a grade 3/6 continuous murmur was audible at 
the upper right chest and back. The hemo- 
globin level was 19.3 gm per deciliter. No 
Howel -Jolly bodies were seen in the peripheral 
blood smear. 

A rcentgenogram of the chest showed car- 
diomezaly (cardiothoracic ratio = 0.55) and 
right aortic arch. The electrocardiogram re- 
vealed normal sinus rhythm, +210 degree axis, 
rigat ventricular hypertrophy, and atrial en- 
largement. 

Cardiac catheterization was carried out be- 
fore cperation (Table). The systemic flow was 
5.3 liters per minute per square meter of body 
surface, and the pulmonary flow was 2.4 liters 
per minute per square meter of body surface. 
The pulmonary resistance was 1.3 units times 
Square meters and the pulmonary arteriolar re- 
sistance was 0.8 units times square meters. 

Angiocardiography confirmed the diagnosis 
of complete transposition (ventriculoarterial 
disccrdance) with ventricular septal defect (Fig 
1). Severe subvalvular and valvular pulmonary 
stenoses produced slow filling of the main pul- . 
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Catheterization Data 





Preoperative Postoperative 

Pressure Saturation Pressure 
Site (mm Hg) (%) (mm Hg) 
Superior vena cava 65 
Inferior vena cava "T 60 mE 
Right atrium 8/0 66 12 
Right ventricle 77/4 YT 50/8 
Right pulmonary artery 11/6 85 15/5 
Left atrium 6/0 98? 15/3 
Left ventricle 7711-9 wy 100/5 
Femoral artery 70/44 75 90/55 
Proximal conduit 45/ 
Distal conduit 40/ 
Left pulmonary artery 25/15 
Aorta 85/65 





Pulmonary vein. 





A 


Fig 1. Angiocardiogram performed in the left ventricle 
showing complete transposition of the great arteries, 
ventricular septal defect, and pulmonary stenosis. (A) 
Anteroposterior view and (B) lateral view. 


monary artery and left pulmonary artery from 
the right ventricle. The right pulmonary artery 
filled through a stenotic Waterston anastomosis 
(Fig 2). A right aortic arch with mirror-image 
branching was visualized. The coronary 
anatomy was normal, as was the pulmonary 
venous return. There was a suspicion of 
straddling of the left atrioventricular (AV) 





valve. Sector scan echocardiography confirmed . 
an anomalous left AV valve with chordal and 
papillary muscle attachments to the crest and 
right side of the ventricular septum (Figs 3, 4). 
Operation was performed on January 27, 
1978, through a median sternotomy. The 
pericardial space was obliterated by dense 
adhesions necessitating sharp dissection to free 
the heart. The external anatomy was compatible 
with the preoperative diagnoses. The pulmo- 
nary valve was bicuspid and narrow. The left 
AV valve (mitral) was straddling the ventricular 
septum through the ventricular septal defect. 
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Fig 2. Angiocardiogram performed in the ascending 
aorta showing filling of the right pulmonary artery 
through the ascending aorta—right pulmonary artery 
anastomosis. There is a right aortic arch with 
mirror-image branching. 


Fig 3. An 80-degree phased-array sector echocardio- 
graphic scan (courtesy of Dr. James Seward) and line 
interpretation. Small arrows point to chordae, and the 
large arrow points to straddling papillary muscle. (I = 
inferior; S = superior; R = right; L = left; RV = right 
ventricle; VS = ventricular septum; LV = left ventri- 
cle; MV = mitral valve; LA = left atrium.) 


As a result, one papillary muscle was in the left 
ventricle and others were in the right ventricle 
and arose from the septum and from the free 
wall anteriorly (Fig 5). Additional chordae at- 
tached to the right ventricular wall superiorly. 
The ventricular septal defect was large but did 
not extend all the way back to the septal leaflet 
of the tricuspid valve, there being a5 mm mus- 
cular ridge between the defect and the valve. 
One of the papillary muscles in the right AV 
valve (tricuspid) inserted high on the right lat- 
eral aspect of the ventricular septal defect. 
There were multiple clefts and trabeculae 
around the straddling papillary muscles in the 
right ventricle. 

A 4 mm atrial septal defect was closed 
primarily through the right atrium (Fig 6). A 
right ventriculotomy was made to the left of a 
large right ventricular coronary artery and to 
the right of the anterior descending coronary 
artery. Trabeculae along the straddling papil- 
lary muscles were resected back to solid septal 
and free wall muscle in order to provide secure 
tissue for attachment of the patch. The right 
pulmonary artery was disconnected from the 
aorta, and the aorta was repaired with a double 
running suture. The opening in the right pul- 
monary artery was extended proximally and 
distally and later used for the distal anastomosis 
of the conduit. The pulmonary valve was closed 
with a double running suture. A large patch 
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A B 

Fig 4. (A) Another sector scan showing marked dis- 
placement of the mitral valve papillary muscle (P) into 
the right ventricle (courtesy of Dr. James Seward). (B) 
Following injection of the contrast agent (which appears 
as a white cloud) into the left atrium (LA), the left ven- 
tricle (LV) and right ventricle (RV) fill simultaneously. 
(Other abbreviations same as for Figure 3.) 


was then used to close the ventricular septal 
defect and was anchored inferiorly with mat- 
tress sutures passed through pledgets of Teflon 
felt (see Fig 6). The suture line was carried up 
the posterior aspect of the ventricular septal 
defect and deviated around the anomalous in- 
sertion of the papillary muscle from the tricus- 
pid valve. Superiorly, the patch was carried on 
to the left side of the right ventriculotomy. An- 
teriorly near the apex, the sutures were brought 
through the free wall of the right ventricle just 
to the right of the anterior descending coronary 
artery and tied over Teflon felt pledgets (Figs 6, 
7). The suture line was then carried to the 
superior suture line along the left lateral aspect 
of the ventriculotomy. A 22 mm Hancock con- 
duit was used to establish continuity between 
the right ventricle and the pulmonary artery 
(see Fig 7). 

After return of stable hemodynamics, a 
double-sampling dye-dilution curve was made 
by injecting dye into the left ventricle and 
sampling simultaneously in the pulmonary ar- 
tery and aorta. Only a trace of early appearing 
dye was seen in the pulmonary artery; this was 
compatible with porosity of the patch. Pres- 
sures were remeasured before chest closure (see 
Table). The postoperative course was unevent- 
ful and the patient was discharged on the elev- 





UA oe 


Fig 5. The cardiac anatomy. An atrial septal defect, a 
ventricular septal defect, pulmonary stenosis, and an 
ascending aorta—right pulmonary artery anastomosis 
are present. Papillary muscles of the left atrioventricu- 
lar valve arise from the septum and from the anterior 
free wall of the right ventricle. Additional chordae at- 
tach to the right ventricular wall superiorly. One of the 
papillary muscles of the right atrioventricular valve in- 
serts high on the right lateral aspect of the ventricular 
septal defect. Multiple clefts and trabeculae are present 
around the base of the straddling papillary muscles. 
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Fig 6. The atrial septal defect was closed primarily 
through the right atrium, and the pulmonary valve was 
closed by suture. Trabeculae to the right of the strad- 
dling papillary muscles of the left atrioventricular valve 
were resected back to solid septal and free wall muscle, 
and a large patch was inserted, which was anchored 
inferiorly with mattress sutures passed through pledgets 
of Teflon felt. Anteriorly, the sutures were brought 
through the free wall of the right ventricle just to the 
right of the anterior descending coronary artery and 
were tied over Teflon felt pledgets. 


enth postoperative day on a regimen of Lanoxin 
(digoxin) and Diuril (chlorothiazide). 

Follow-up evaluation by telephone with the 
mother seven months postoperatively revealed 
that the Diuril had been discontinued and that 
the patient was acyanotic, active, and asymp- 
tomatic. He no longer complained of fatigue on 
walking and could run and ride a bicycle with 
his peers. 


Comment 

In the normal heart, the tricuspid and mitral 
orifices, leaflets, and support mechanisms 
(chordae and papillary muscles) are related en- 
tirely to the morphologically right and left ven- 





? 
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Fig 7. The ascending aorta—right pulmonary artery anas- 
tomosis was taken down, the aorta was repaired, the 
opening in the right pulmonary artery was enlarged, 
and a 22 mm Hancock conduit was used to establish 
continuity between the right ventricle and right pulmo- 
nary artery. 


tricles, respectively. In SAVV, a part of the sup- 
port mechanism of either AV valve extends 
across a ventricular septal defect to insert into 
the opposite ventricle. Thus, in straddling 
tricuspid valve, some of the chordae of the 
tricuspid valve cross through the ventricular 
septal defect and attach to the endocardial sur- 
face of the morphologically left ventricle; 
whereas in straddling mitral valve, some of the 
chordae of the mitral valve cross through the 
ventricular septal defect and attach to the en- 
docardial surface of the morphologically right 
ventricle. | 
Straddling atrioventricular valve is usually 
associated with malalignment of the ventricular 
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and atrial septa. The malalignment is such that 
the orifice of the SAVV overrides portions of 
both ventricles. Also, SAVV is often associated 
with a reduced size of the ventricle to which 
that AV valve normally relates. SAVV should be 
distinguished from simple overriding of an AV 
valve as a result of malalignment of the ven- 
tricular and atrial septa in which the support 
mechanism has attachments only into its ap- 
propriate morphological ventricle. 

In SAVV, chordae that cross the ventricular 
septal defect into the inappropriate (opposite) 
ventricle can be attached to a limited area on the 
ventricular septum within about 1 cm of the 
ventricular septal defect (type A) [7]. In other 
hearts, attachment of the chordae is to the in- 
appropriate ventricular septum further away 


(inferiorly) from the ventricular septal defect 


(type B). Last, in some hearts, the chordae and 
their papillary muscle or muscles are attached to 
the endocardial surface of the free wall of the 
opposite ventricle (type C). 

Only recently have the premortem diagnostic 
features of SAVV been elucidated [3, 4, 6, 8]. 
Angiocardiography and M-mode echocardiog- 
raphy can suggest the presence of SAVV. On 
angiocardiography, a good indication is the 
appearance of an AV valve orifice overriding a 
ventricular septal defect in such a way that the 
orifice connects directly with its appropriate 
ventricle and also with the opposite ventricle. 
With both angiographic and echocardiographic 
study, the demonstration of instantaneous flow 
of blood into both ventricles after injection of 
contrast agent into the appropriate atrium gives 
supportive but not pathognomonic evidence of 
SAVV. The diagnosis has been made with great 
reliability, however, only with the introduction 
of the 80-degree phased-array sector echocar- 
diographic scanner. 

Stradding atrioventricular valve poses a con- 
siderable technical problem in the management 
of patients with ventricular septal defect. Since 
many of these patients have other cardiac 
anomalies in addition to the ventricular septal 
defect, complete repair may involve a long and 
complex procedure. Few reports of surgical 
management of SAVV have appeared in the lit- 
erature [7]. For type A straddling, repair is rel- 
atively straightforward: usually the patch can 


be deviated along the crest of the septum and 
anchored in secure tissue. The major concern is 
with preservation of the conduction system. 
However, for notable displacement of the 
papillary muscles (types B and C), sacrifice of 
the AV valve and replacement with a prosthetic 
valve have hitherto been employed [7]. In the 
type B straddling valve and in the type C in 
which the displaced papillary muscles, al- 
though attached to the free wall, are located in 
proximity to the septum, another alternative 
becomes possible, that of deviating the patch 
around the anomalous papillary muscle so as to 
include all the papillary muscles of the strad- 
dling valve in the same functional ventricu- 
lar chamber. Prior efforts to do this have been 
thwarted by the numerous crypts and tra- 
beculae present in hypertrophied ventricles, 
thus leaving numerous channels for residual 
ventricular septal defects. Additionally, sutures 
hold poorly in the muscular trabeculae, in- 
creasing the tendency for patch dehiscence. 

In the repair of univentricular heart [1, 2, 5], 
it has become standard practice to incise or ex- 
cise trabeculae along the posterior and apical 
walls of the heart in the intended plane of the 
septum in order to expose solid wall muscle for 
secure placement of the sutures. The sutures 
can then be placed through the entire thickness 
of the wall, lying just beneath the epicardium. 
This technique has added security to placement 
of the septation patch and obviates the need in 
most circumstances for passing the sutures en- 
tirely through the wall of the ventricle for exter- 
nal fixation on the posterior and apical portions 
of the patch. This technique, successfully ap- 
plied to SAVV in the patient described here, 
offers a useful alternative to valve replacement 
in the management of patients with SAVV. 


Addendum : 

Since the submission of this manuscript, a report has 
been published which describes the use of a simi- 
lar technique for a tricuspid SAVV in a patient who 
had corrected transposition (Pacifico AD, Soto B, 
Bargeron LM Jr: Surgical treatment of straddling tri- 
cuspid valves. Circulation 60:655, 1979). 
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Results of Epicardial Pacing 


by the Left Subcostal Approach 


Gerald M. Lawrie, M.D., J. Paul Seale, M.D., 
George C. Morris, Jr., M.D., Jimmy F. Howell, M.D., 
Hartwell H. Whisennand, M.D., and Michael E. DeBakey, M.D. 


ABSTRACT We have determined the clinical 
course of 200 consecutive patients (mean age, 67.5 
years) in whom epicardial pacing was established by 
the left subcostal route by insertion of 2 sutureless 
myocardial electrodes and a demand bipolar gen- 
erator. 

There was 1 intraoperative death (0.5%). The 
overall 30-day perioperative mortality was 4 of 200 
patients (2.0%). The principal postoperative compli- 
cations included postpericardiotomy syndrome in 8 
patients (4.0%), pneumonia or marked atelectasis in 
2 patients (1.0%), and pulmonary embolus in 1 pa- 
tient. Hemiplegia developed in 2 patients at 9 and 10 
days, respectively, after operation, and transient 
monoparesis developed in another patient (1.596). 
There were no wound infections, but the one wound 
dehiscence required resuturing. Follow-up has been 
completed in all patients from 1 to 39 months post- 
operatively (mean, 14.9 months). There have been 21 
late deaths. 

Late lead thresholds were recorded for 45 indi- 
vidual leads from 26 patients up to 35 months after 
operation. The results obtained indicate that for pa- 
tients undergoing primary implantation, the suture- 
. less myocardial electrode provides reliable lead 
function. However, patients who required reopera- 
tion because of previous pacemaker failure due to 
threshold rise have done poorly as a group and may 
be better managed with lithium high-output pace- 
maker generators. 


The aim of this report was to document the 


clinical course of a consecutive series of 200 pa- ` 


tients, most of them elderly, who underwent 
bipolar epicardial pacing by the left subcostal 
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approach utilizing the Medtronic 6917 suture- 


less myocardial pacemaker electrode. We were 
particularly interested to determine early and 
late electrode function. 


Material and Methods 

Between 1975 and 1978, 200 consecutive pa- 
tients underwent epicardial pacemaker im- 
plantation by the left subcostal approach. The 
mean age was 67.5 years (range, 4 to 97 years), 
and 48% (96 patients) were 70 years old or 
older. There were 108 male (54%) and 92 female 
(46%) patients. The indications for operation 
were as follows: complete heart block, 70 pa- 
tients (35.0%); incomplete heart block, 20 
(10.0%); sick sinus syndrome, 89 (44.5%); and 
failure of previous chronic pacemaker leads, 32 
patients (16.0%). These 32 patients had had a 
total of 51 previous pacemaker implants: 28 
(54.9%) were transvenous and 23 (45.1%) were 
epicardial. The high incidence of patients re- 
ferred because of failure of previously im- 
planted lead systems is notable. In 15 patients 


. (7.596), previous major intrapericardial opera- 


tions had been performed: aortic valve re- 
placement in 12 and triple-valve replacement, 
coronary bypass, and closure of a ventricular 
septal defect in 1 patient each. 

The surgical technique has been described in 
detail in a previous report [5]. Briefly, all pa- 
tients were operated on under general anes- 
thesia. Two Medtronic 6917 sutureless myocar- 
dial pacemaker electrodes were implanted in 
the left ventricle or in the septal area of the right 
ventricle and connected to a demand bipolar 
pacemaker generator, which was implanted in 
the posterior rectus sheath. Lead threshold, 
impedance, and sensing amplitude were mea- 
sured with the Medtronic 5300 pacing system 
analyzer. In all patients, every effort was made 
to achieve an acute stimulation threshold of less 
than 1 volt at a pulse width of 800 milliseconds, 
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with an impedance in the range of 300 to 800 
ohms and a sensing amplitude of more than 4 
millivolts. 

The fate of all patients was determined 0 to 39 
months (mean, 14.9 months) after operation. 
Survival data were examined by life-table anal- 
ysis. . 

In 26 patients, late lead thresholds were mea- 
sured at the time of reoperation, performed 
primarily for generator replacement because of 
a manufacturer’s recall. A total of 45 individual 
lead thresholds were obtained. Lead function 
was tested as before and a chronic threshold of 
more than 3.5 volts at an 800-millisecond pulse 
width was considered unacceptable. 


Results 

There was 1 intraoperative death (0.5%). The 
overall 30-day perioperative mortality was 2.0% 
(4 of 200). However, 2 of the patients who died 
were undergoing nonelective operation, and in 
2 others, the cause of death was not considered 
to be related to the pacing technique employed. 
One patient who died was an 84-year-old 
woman with complete heart block secondary to 
an acute inferior myocardial infarction. Ten 
days after infarction, she became refractory to 
transvenous pacing. Epicardial pacing was es- 
tablished without incident. Two days later, 
sensing was lost. At reexploration, extension 
and rupture of the infarct was noted. Despite 
repair of this condition, she died of low cardiac 
output. Another patient who died was a 68- 
year-old, blind, diabetic man in whom conges- 
tive heart failure and intermittent complete 
heart block developed 5 days prior to admis- 
sion. Although an acute myocardial infarction 
was suspected but could not be confirmed by 
electrocardiogram or enzyme determinations, he 
was referred for epicardial pacing because of 
severe kyphoscoliosis. At operation, extensive 
inferior myocardial infarction was noted. The 
infarct ruptured spontaneously prior to lead in- 
sertion and could not be repaired. A 73-year- 
old man with sick sinus syndrome, bradycar- 
dia, and congestive heart failure underwent 
uneventful establishment of epicardial pacing. 
Despite this, he died in refractory congestive 
heart failure 16 days after operation. The fourth 
. patient who died was a 72-year-old woman. 
She did well after operation until the ninth day 


when she sustained a massive stroke; she died 
5 days later. 

The mean hospital stay was 9.5 days (range, 3 
to 64 days). The most common postoperative 
complication was mild postpericardiotomy syn- 
drome, which occurred in 4.096 (8 of 200) of 
patients. Notable was the low incidence, 1.096 
(2 patients), of serious respiratory complica- 
tion. Mild transient atelectasis occurred in 4.096 
(8 patients) but no special therapy was re- 
quired. Of the 3 patients with cerebrovascular 
insufficiency, 1 experienced a transient left 
monoparesis early in the postoperative period, 
but it resolved completely. In a second patient, 
with preoperative angiographicaly proved 
mild bilateral carotid stenosis but who was pre- 
viously asymptomatic, an acute hemiparesis 
developed when she was leaving the hospital 
after discharge on the tenth postoperative day. 
There were no wound infections although 1 pa- 
tient required resuturing of a sterile wound de- 
hiscence. A pulmonary embolus occurred in 1 
patient and peripheral emboli, in 2 patients. 

In the overall group of 200 patients, initial 
acute lead thresholds were less than 1 volt for 
73.8% (295 of 400) of all leads and between 1 to 
1.5 volts in 19.2% (77 leads). For 7.0% (28 
leads), tnresholds of more than 1.5 volts were 
obtainec despite repeated attempts to achieve 
lower thresholds. Overall, however, 91.5% (183 
of 200) of patients had at least 1 lead with an 
acute threshold of less than 1 volt. 

In the initial implant group of 168 patients, 
pacemaker lead-related complications were ob- 
served in 12 patients (7.1%). Five had early 
complications (0 to 30 days). One was the pa- 
tient with the acute myocardial infarction al- 
ready described. In another patient threshold 
rise and loss of pacing developed on the sixth 
postoperative day and required lead replace- 
ment. The remaining 3 patients required revi- 
sion beceuse of loss of sensing and were man- 
aged by conversion to unipolar configuration 
without implantation of new leads. 

The remaining 7 patients required reopera- 
tion for lead failure 1 to 39 months after opera- 
tion. One patient experienced a sensing loss, 
which was managed by conversion to unipo- 
lar configuration. The other 6 patients had 
threshold rises (Fig 1). However, 1 of the 2 
original leads still had good thresholds, and all 
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Fig 1. Initial and late thresholds of 38 sutureless leads 
from 19 patients undergoing primary implants up to 35 
months after operation. Threshold is in volts at a pulse 
width of 800 milliseconds. Numbers 1 to 6 identify leads 
of patients who had an unsatisfactory lead threshold. 


6 patients were managed by conversion to a 
unipolar configuration under local anesthesia. 
Thus, in the 168 patients undergoing primary 
pacemaker implantations, only 3.996 (13 of 336) 
of the individual leads failed up to 39 months 
after operation, and only 1 patient (0.696) re- 
quired insertion of a new lead. 


In the group of 32 patients with previous 


pacemaker failures, lead function was less 
satisfactory than in the primary implantation 
group. Of the 64 individual sutureless leads im- 
planted, 2596 (16 of 64) developed unacceptable 
lead function. Furthermore, in 2 patients (num- 
bers 2 and 6, Fig 2) both leads had unsatisfac- 
tory thresholds, and insertion of new leads was 
required. 

In 26 patients, 19 with primary implants (see 
Fig 1) and 7 with previous implants (see Fig 2), 
intraoperative and late lead thresholds up to 35 
months after operation were obtained. It is ap- 
parent from Figures 1 and 2 that a low (less than 
1 volt) initial threshold did not necessarily pre- 
vent development of late thresholds of more 
than 3.5 volts. Indeed, the results shown in 
Figure 2 suggest that in patients who previ- 
ously have demonstrated repeated threshold 
rises despite good acute thresholds, a chronic 
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Fig 2. Initial and late thresholds of 14 leads from 7 pa- 
tients who had had previous pacemaker implantation. 
Threshold is in volts at a pulse width of 800 milliseconds. 
Nuntbers 1 to 7 indicate pairs of leads of individual pa- 
tients, 


myccardial reaction to the lead is more likely to 
be responsible for lead failure. 

The generators implanted in a number of 
these patients were the subject of a major man- 
ufacturer’s recall. Thus, generator explantation 
and replacement was performed in 21.5% (43. 
of 200) of patients. Some were operated on in 
other institutions, and lead threshold data were 
not obtainable. 

Late mortality was observed in 21 patients 1 
to 39 months after operation (Table). Of the 
deaths, 16 (76.2%) were established as defi- 
nitely not pacemaker related. The 5 other pa- 
tierts lived alone, and no data are available. 
Cardiac and cerebrovascular problems were re- 
sponsible for 10 of the deaths (48%). 

Ihe overall actuarial survival at 39 months 
was 74.4% (Fig 3) while overall, 87.5% (175 of 
2001 of patients were alive at a mean follow-up 
of 14.9 months. 


Comment 

The transvenous pacing approach has gained 
deservedly widespread popularity because of 
its zreat safety and the ease with which it can 
be 2erformed under local anesthesia. However, 
there is general agreement that wound infec- 
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Fig 3. Comparison of actuarial survival curve from this 
series of patients with survival curves reported for pa- 
tients paced by the transvenous technique. — 


Causes of Late Mortality? 


Interval Age at 
Postop Death 
(mo) (yr) Cause 
5 86 Heart failure 
2 77 Stroke 
26 83 Stroke 
12 91 Pneumonia 
31 81 Pneumonia 
13 75 Urinary infection 
32 81 Accident 
14 76 Ventricular tachycardia 
1 77 P. 
1 71 v. 
4 78 E 
14 75 Renal failure 
1 84 T 
6 83 Myocardial infarction 
8 49 Ventricular tachycardia 
5 68 Thrombosis of 
abdominal aorta 
4 48 Heart failure 
(cardiomyopathy) 
21 60 Stroke 
5 64 Stroke, heart failure 
3 65 Res 
3 51 Heart failure 


276.2% (16 of 21) definitely not pacemaker related. 
‘Patient lived alone, and no information is available. 
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tions, skin erosion, and many types of lead- 
related complications such as lead dislodgment, 
venous thrombosis, endocarditis, diaphrag- 
matic pacing, and myocardial perforation are 
more common problems with this approach [1- 
3, 8, 9, 12, 16, 18]. At the same time, it must be 
recognized that with increasing awareness of 
these problems, the design of the pacemaker 
generator and endocardial lead and the surgical 
techniques of implantation have improved. Ul- 
timately this progress should be reflected in 
improved results for this technique. 

On the other hand, the introduction of the 
sutureless myocardial electrode [4] has facili- 
tated the development and use of a variety of 
limited mediastinal approaches to the epicar- 
dial surface of the heart. This and other reports 
[6, 7] indicate that these approaches have re- 
duced substantially the morbidity and mor- 
tality observed with the full thoracotomy ap- 
proach. Of the many approaches available, we 
have favored the left subcostal technique be- 
cause of the superior exposure it gives to the left 
and right ventricles and the negligible post- 
operative pain resulting from the minimal 
dissection required to perform it [5]. Neverthe- 
less, it is clear that despite our generally favora- 
ble experience with this approach, it should not 


. be used in patients whose general condition is 


poor and whose prognosis is limited. In par- 
ticular, we believe that patients with overt con- 
gestive heart failure or respiratory or notable 
cerebrovascular insufficiency should not be 
subjected to the added morbidity of general 
anesthesia and a longer hospitalization for what 
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will be only a short-term gain in most cases. As 
can be seen from Figure 3 and the Table, there 
is a substantial early and late rate of attrition in 
these patients due to progressive cardiac, respi- 
ratory, and cerebrovascular insufficiency de- 
spite effective cardiac pacing. Indeed, 2 of our 4 
early deaths were related to preoperative car- 
diac or cerebrovascular insufficiency. Such 
mortality appears to be unrelated to the pacing 
technique employed. It can be seen in Figure 3 
that the survival curves of patients treated by 
the left subcostal approach are quite similar to 
those treated by the transvenous approach, and 
the causes of late mortality documented in the 
Table resemble the experience of others [1, 10, 
11, 13, 14, 17, 19]. 

The deaths of the 2 patients with acute myo- 
cardial infarction in this series emphasize the 
need to exclude this diagnosis before elective 
pacemaker implantation. This can be difficult, 
particularly in the elderly patient who is seen 
with the recent onset of complete heart block 
and congestive heart failure. If any doubt 
exists, we prefer to employ the transvenous ap- 
proach, where possible, although it must be 
recognized that some patients may ultimately 
require epicardial pacing because of failure of 
the transvenous approach due to the presence 
of septal and right ventricular infarction. 

The superiority of epicardial pacing leads in 
relation to their long-term function is well doc- 
umented in the literature. Lead dislodgment is 
» almost unknown with epicardial leads but has 
been reported to occur early after implantation 
of transvenous leads in 6 to 2596 of patients 
' (sometimes requiring multiple repositionings 
to correct it), and late transvenous lead failure 
has been reported in 1 to 796 of patients [1, 2, 
8, 9, 12]. Our own experience also confirms the 
superiority of epicardial lead function. In the 
group of 168 patients with 336 leads undergoing 
initial implantation, there was an overall inci- 
dence of lead failure of only 3.996 (13 of 336) up 
to 39 months after operation, and only 1 patient 
(0.696) required a new lead. As shown in Figure 
1, late lead thresholds were quite acceptable 
overall and no lead fractures were observed. We 
think that these results justify the somewhat 
greater morbidity of establishing epicardial 
pacing by the left subcostal technique. 

In contrast to these findings were the poor 


results obtained in the group requiring reoper- 
tion for previous lead failure. In these patients, 
there was a high incidence (2596) of recur- 
rent lead failure due to threshold rise. How- 
ever, in only 1 patient were the thresholds of 
both leads above 6 volts. These findings sug- 
gest that rather than subject the patient to re- 
peated electrode replacement, the original lead 
could be connected to a high-output (10 volt) 
pacemaker generator. Unlike their predeces- 
sors with mercury-zinc batteries, the lithium- 
powered high-output generators have a reason- 
able service-life (about three years) and may 
spare the patient further morbidity from re- 
peated unsuccessful lead replacement. A pos- 
sible problem is the risk of further threshold 
rise due to the higher stimulation energy, but 
in a patient with chronically implanted leads, 
we consider this to-be more a theoretical than a 
real possibility. 

While recognizing the advantages of the 
transvenous approach in terms of low mor- 
bidity, we think that our experience confirms 
that more reliable lead function is obtained by 
the use of the epicardial approach with the 
sutureless electrode. Our experience indicates 
that morbidity and mortality occur in easily 
recognizable high-risk groups of patients who 
in most cases have a very limited life expec- 
tancy. It is clear from this review that these pa- 
tients probably do not derive sufficient advan- 
tage from the superior reliability of epicardial 
lead function to justify the risk of greater mor- 
bidity from this pacing technique. 

Thus, although epicardial pacing by the left 
subcostal technique remains our standard tech- 
nique, in the light of this experience we rec- 
ommend the transvenous technique for the 
poor-risk patient with a limited life expectancy. 
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Discussion 

DR. SAMUEL W. HUNTER (St. Paul, MN): The subcostal 
` approach of Dr. Lawrie and his associates is a good 
one. It is the fourth major method for epicardial 
pacing, the others being the transthoracic left, the 
subxiphoid, and the transvenous. The Lawrie ap- 
proach resembles a step of the transthoracic approach 
but eliminates the thoracic position. 


Therefore, why not use the left subcostal ap- 
proach? The statistical data are completely accept- 
able. Personnel in the operating room are not ex- 
posed to the hazard of radiation, and this is impor- 
tant: the surgeon is in complete control in a bona fide 
operating room; he is not sharing space with a 
radiologist who may have just finished a barium 
enema orar upper gastrointestinal series. The length 
of opera'ing time is predictable, and there is no 
catheter astride the tricuspid valve. A patient of 
mine, who was himself a surgeon, refused the trans- 
venous a»p-oach for this very reason. 

But why use the subcostal approach? The figures 
are no batter. More anesthesia is needed, usually . 
general anesthesia. In the last analysis, the transve- 
nous app-oech works 99% of the time, and the new, 
tined electrcde has markedly reduced the incidence 
of electrode dislodgment.. 

The mejority of surgeons started with the trans- 
thoracic cr subxiphoid method and have slowly but 
surely switched to the transvenous method. Pain is 
difficult to assess, but I am certain that it is lessened 
by the transvenous method. 

Therefore, where does the subcostal approach fit in 
our surgical armamentarium? I believe this method 
as well as tae transthoracic and subxiphoid tech- 
niques are proved and good, but should be used as 
alternative or backup methods. My preferred alter- 
native is Ihe subxiphoid method, using a transve- 
nous electrode in the subepicardial space. 

Dr. Lawrie's group is doing the surgeon in training 
a great service for that surgeon will not be trapped if 
the transvenous method simply does not work. I 
have seen a well-trained heart surgeon work for four 
and a hal hours and still fail to obtain pacemaker 
control becaase he doggedly insisted on using the 
transvenoas approach. 

I congretulste the authors on their subcostal ap- 
proach, but L favor the transvenous. 


DR. JOSEPE J. AMATO (Newark, NJ): I would like to 
congratulate :he authors for their excellent presenta- 
tion, Since 1973 and while I was at Tufts-New En- 
gland Medical Center in Boston, 21 children have 
been given epicardial electrodes. Fourteen children 
underwen: sirgical repair of a complex congenital 
defect and received sutureless epicardial electrodes 
because of dysrhythmia. The 7 other children had 
primary phcement of the epicardial electrodes either 
because ot lete surgically induced dysrhythmias or 
because of ccngenital heart block. The transthoracic 
approach was used in 2 children and the subxiphoid 
approach in 5. the youngest of whom was 2 years old. 
There hav= been no complications using this ap- 
proach. 

The electrodes were attached to a pacemaker 
generator cfter they were tunneled through the sub- 
cutaneous -issue, and the pulse generator was placed 
in the subcutaneous tissue. However, the relatively 
large pacemaxer created a cosmetic disfigurement. 
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Consequently, since 1976, a modified subrectus ap- 
proach, which we call the abdominal intramuscular 
placement of the pacemaker generator, has been 
used. The pacemaker battery is placed between the 
abdominal muscles so that the internal oblique mus- 
cle and rectus muscles are superior to the generator, 
and the rectus sheath and the transverse muscle are 
posterior. With the generator in this position, there 
is a very slight bulge in the abdominal wall but the 
majority of the mass is contained within the ab- 
dominal muscles. This approach is cosmetically more 
acceptable to both the patient and the parents. 


DR. GEORGE J. MAGOVERN (Pittsburgh, PA): I think 
that the epicardial lead undoubtedly is valuable to 
our armamentarium of pacemaker placement, and in 
any training program it certainly should be used. 
However, it still does require a major thoracotomy, 
and, as stated, there is a lead failure of about 10% 
and an early failure of 6%. My major objection is that 
through these peekhole incisions, so to speak, it is 
almost impossible to select the best site to determine 
the R wave or determine the pacing sensitivity. I ask 
the authors how they picked the best site for lead 
placement. 

To overcome some of the difficulties in pacer im- 
plantation, we and the Coratomic Company have de- 
veloped an electrode tip that allows the electrode to 
be fixed firmly in place. Not only that, it allows 
selection of the ideal pacing location. Frequently, 
what looks to be the best place anatomically in the 
apex does not have the lowest sensing or pacing 
threshold, and the best anatomical position may not 
be the best position for permanent fixation. 

The electrode tip is actuated and then placed on the 
right ventricular myocardium at the apex, on the free 
wall, or on the septum, and, if it needs to be reposi- 
tioned, it can be reactivated and reopened. We have 
used this particular lead in some 60 patients. The 
leads have been in place more than a year, and there 
have been no migrations or failures to pace. All the 
initial and late thresholds studied have been low. 


DR. JOHN K. GARAN (Binghamton, NY): I enjoyed 
very much Dr. Lawrie’s presentation. We have used 
the sutureless myocardial pacemaker, mainly with 
the left subcostal supradiaphragmatic approach, 
since 1973 in 95 consecutive patients. They ranged 
from 44 to 96 years old, and follow-up has been al- 
most 6 years. In these 95 patients, 125 leads have 
been implanted. In the early operations, 2 leads were 
placed: 1 on the left ventricle and the other on the 
right ventricle, with a bipolar pulse generator. Since 
1974 only 1 lead has been implanted on the dia- 
phragmatic surface of the right ventricle close to the 
interventricular septum. There has been no dislodg- 
ment, and we have had no problems with sensitivity 
or high threshold. 


DR. LAWRIE: I appreciate the comments of Drs. 
Hunter, Amato, Magovern, and Garan. We agree that 
with the increasing improvements in the transve- 
nous pacemaker leads, there should be a lesser need 
for the subcostal technique. 

However, in the group of 168 patients who had 
primary lead implantations, we had, overall, an early 
and late lead failure rate of only 3.7%, which I don’t 
think has been equaled or even approached yet by 
the transvenous technique. Í am sure that with better 
transvenous leads, this rate will be achieved eventu- 
ally. The low rate of failure is the main reason for our 
continued interest in epicardial pacing. 

Although the left subcostal technique gives limited 
exposure, it does provide access to the apex of the left 
ventricle, the inferior surface of the right ventricle, 
and the anterior and inferior surfaces of the left ven- 
tricle. I think it is the least limited of all the limited 
exposures. | 

I would like to make one anatomical point, and 
that is that, at this level, the heart consists mainly of a 
large circular muscle mass of left ventricle to which 
the right ventricle is thinly applied. If a 6 mm screw 
is used anywhere near the right side of the left an- 
terior descending coronary artery or the posterior de- 
scending coronary artery, it will end up in the left 
ventricle. So, in almost all instances, this is truly a 
left ventricular method of pacing, which is the other 
main reason we use it. The thresholds in this area 
are almost invariably excellent. Because of its poor 
sensing, we no longer use the short screw lead. 

A comparison between a set of lead thresholds 
obtained by one surgeon who has continued to use 
the subxiphoid procedure with right ventricular lead 
placement and our thresholds with subcostal lead 
placement reveals quite a striking difference in the 
quality of thresholds obtained. So this is a very good 
area for obtaining low thresholds. 

A. major advantage of this approach is the almost 
extraordinary lack of pain felt by the patient because 
the only structures cut are the skin, the anterior rec- . 
tus sheath, and the pericardium. The rectus muscle 
is left intact, and a patient has absolutely no problem 
coughing, as shown by the low incidence of respi- 
ratory complications. 

Invariably, we implant the generator in the poste- 
rior rectus sheath and recommend this as a site for 
generator implantation. It has eliminated any prob- 
lems with the generator pouch. 

As for the use of subcostal lead placement in chil- 
dren, we have used it in several children and have 
not been very happy with the results. I think that in 
the child we prefer the transthoracic incision. Our 
experience with the sutureless lead in the small child 
has been poor because of the bulk of the lead. It is not 
easy to put a suture lead in through a subcostal inci- 
sion. Consequently, we have used conventional su- 
tured leads in these children. 
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ABSTRACT The expanded microporous polytet- 
rafluoroethylene (PTFE) 4 mm vascular prosthesis 
has been used to create a central aortopulmonary 
shunt in 20 critically ill infants less than 3 weeks old. 
The infants ranged from 1 to 18 days old (5.25 days), 
and from 1.5 to 4.0 kg (2.9 kg). Conduit length 
ranged from 2 to 6 cm (4 cm). Sixteen patients had 
atresia of the tricuspid or pulmonary valve. There 
were 6 early deaths (30%), only 1 of which was shunt 
related. The mean preoperative arterial oxygen sat- 
uration was 62% (range, 33 to 80%), and mean post- 
operative saturation was 87% (range, 78 to 90%). 
There were 5 late deaths, 1 probably caused by shunt 
failure. Nine long-term survivors have done well. 
Follow-up ranges from 1 to 36 months (18 months). 
Factors influencing conduit function are length, 
technical considerations, and pulmonary vascular 
resistance. Late restudy in 5 of 9 survivors confirms 
patency and demonstrates bidirectional pulmonary 
blood flow. Since PTFE shunt flow capability is 
fixed, the infant may require repair or a second 
shunt within 24 months of the initial procedure. 


In 1975, Gazzaniga and co-workers [4] intro- 
duced a new technique for aortopulmonary 
shunting in infancy. They demonstrated that a 
small, tubular graft constructed from micropo- 
rous, expanded polytetrafluoroethylene (PTFE) 
(Teflon) could be utilized to create a shunt be- 
tween the aorta and the pulmonary trunk or 
main pulmonary branch arteries in critically ill 
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newborns with severe cyanosis due to de- 
creased pulmonary blood flow. Subsequent re- 
ports indicate satisfactory early results but 
long-term follow-up has not been reported [5, 
7]. The PTFE shunt appears to represent an ex- 
cellent alternative to the Waterston or Potts 
shunt. Late results after use of the Potts shunt 
have indicated a tendency for the development 
of pulmonary vascular obstructive disease and a 
relatively high morbidity: and mortality asso- 
ciated with repair [2]. The Waterston shunt can 
be an excellent form of palliation in infancy [6, 
11]; however, increased morbidity and mor- 
tality have been associated with total repair, 
particularly in patients in whom the right pul- 
monary artery is kinked or interrupted [3, 6]. At 
the University of Chicago, we began to utilize 
the PTFE shunt for palliation of cyanotic infants 
and neonates in 1975. Twenty infants less 
than 3 weeks old have undergone urgent or 
emergency creation of a central aortopulmonary 
shunt with a PTFE conduit. In addition, 6 pa- 
tients older than 3 weeks have received shunts 
with this technique. This report details the 
operative results, late results, and long-term 
follow-up of these 26 patients. 


Material and Methods 

Between July, 1975, and August, 1978, 20 in- 
fants less than 3 weeks old underwent con- 
struction of aortopulmonary shunts utilizing 
PTFE. All were severely cyanotic, suffering 
from inadequate pulmonary blood flow. 
Weight ranged from 1.5 to 4.0 kg (2.9 kg), and 
age ranged from 1 to 18 days old (5.25 days old). 
The conduit diameter was 4 mm in 19 patients. 
In the other patient, a composite graft consist- 
ing of 1.5 cm of 4 mm PTFE tubing and 3 cm of 5 
mm PTFE tubing was utilized. Length of the 4 
mm conduit ranged from 2 to 6 cm (4 cm). Seven 
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patients had pseudotruncus (pulmonary atresia 
with a large ventricular septal defect). Three 
patients had pulmonary atresia with am intact 
ventricular septum and a tiny right ventricular 
cavity. Four patients had tricuspid atresia, 2 of 
whom had a small ventricular septal defect and 
pulmonary stenosis. Two patients had. severe 
tetralogy of Fallot, and 1 of them had addi- 
tional anomalies as well: dextrocardie, right 
aortic arch and ascending aorta, H-type 
tracheoesophageal fistula, left supericr vena 
cava, large atrial septal defect, and rigkt lower 
lobe sequestration. One patient with dex- 
trocardia had r-transposition of the great ves- 
sels, single ventricle, and pulmonary atresia. 
Another had polysplenia, complete situs inver- 
sus, pulmonary atresia, and ventricula- septal 
defect. One infant had single ventricle severe 
pulmonary stenosis, transposition of the great 
vessels, and probable mitral atresia. One other 
infant had asplenia syndrome with double- 
outlet right ventricle, levocardia, severe pul- 
monary stenosis, incomplete atriovertricular 
canal, and hypoplasia of the left ventr:cle and 
mitral valve. 

The 6 older patients ranged from 2 months to 
32 years old, and all were clinically stable de- 
spite marked cyanosis. The youngest petient in 
this group had pulmonary and tricuspid atresia 
with patent ductus arteriosus. He was 2:months 
old and weighed 4.1 kg at the time of operation. 
Three patients ranging from 5 months to 2% 
years old had tetralogy of Fallot with hypopla- 
sia of the branch pulmonary arteries. One of 
these patients had a previously functioning 
Waterston shunt, with blood flow pzedomi- 
nantly directed to the right lung. The other 2 
patients with tetralogy of Fallot were 5 and 7 
months old, respectively. In these 3 patients, 
the branch pulmonary arteries were corsidered 
too small for early complete repair. The fifth 
patient in this group had tetralogy of Falot with 
complete atrioventricular canal. Shunt.ng was 
performed for progressive cyanosis when the 
patient was 2 months old. In this grcup of 5 
patients, 4 mm PTFE tubing was utilized 
(length ranged from 2 to 4 cm). The sixtk patient 
was 32 years old and had had previous shunt 
procedures performed to the left and right pul- 
monary arteries. The underlying diagnosis was 


single ventricle with pulmonary stenosis and 
transposition of the great vessels. In this older 
man, a PTFE graft 8 mm in diameter and 9.5 
cm long was interposed between the ascending 
aorta and the right pulmonary artery. 

The operative technique was adapted to the 
anatomy of the great vessels and to the shunt 
requirements. Only one of the twenty-six oper- 
ations was performed through a median ster- 
notomy. This was in a newborn child with 
L-transposition, dextrocardia, single ventricle, 
and pulmonary atresia. The infants with pseu- 
dotruncus or other diagnoses associated 
with normal or nearly normal relationships of 
the great vessels were approached through a left 
thoracotomy. In these patients, construction of 
a shunt from the ascending aorta to the main 
pulmonary trunk or to the bifurcation of the 
main pulmonary branches was possible, even 
when right aortic arch was present. Patients 
requiring a concomitant Blalock-Hanlon pro- 
cedure were operated on through a right 
thoracotomy. 

Whether a left or right thoracotomy was 
done, the operative technique was similar. 
After isolation of the pulmonary artery segment 
suitable for anastomosis, the aorta is exposed. 
The graft is trimmed to form a gentle loop or 
U-shaped tube between the aorta and pulmo- 
nary artery. This usually requires a graft ap- 
proximately 4 cm in length. The pulmonary or 
aortic anastomosis is done first, depending on 
the ease of exposure, using a continuous 7-0 
Prolene suture. After the first anastomosis, the 
graft is filled with blood to confirm patency and 
to check on hemostasis. The graft is then filled 
with heparinized saline solution, and heparin 
(100 U per kilogram of body weight) is given in- 
travenously. The second anastomosis is then 
performed, and air is evacuated from the graft 
before its completion. Heparin anticoagulation 
is not reversed at the completion of the shunt. 
Transient occlusion of the shunt is done to de- 
termine changes in systemic arterial pressure as 
a rough index of the relative magnitude of the 
shunt flow. Blood is not allowed to pool or clot 
in the graft. This is accomplished by filling the 
graft with heparinized saline solution and 
clamping the graft close to the first anastomosis 
while the second anastomosis is being com- 
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pleted. In patients requiring a Blalock-Hanlon 
procedure, the atrial septectomy is performed 
prior to the shunt. 


Results 

In the group of patients less than 3 weeks old 
(Table), there were 6 operative deaths. One 
intraoperative death occurred when a severe- 
ly hypoxic child with asplenia, levocardia, 
double-outlet right ventricle, severe pulmonary 
stenosis, incomplete atrioventricular canal, and 
hypoplastic mitral valve and left ventricle ex- 
perienced ventricular fibrillation during con- 
struction of the first anastomosis. In 1 patient, 
death was clearly related to compromised con- 
duit function. This was a 1-day-old baby with 
pulmonary atresia and intact ventricular sep- 
tum in whom an ascending aorta-right pulmo- 
nary artery shunt was created using a conduit 4 
cm long and 4 mm in diameter. A Blalock- 
Hanlon procedure was also performed. The 
shunt arose from the right anterolateral aspect 
of the ascending aorta and formed a U-shaped 
tube, with the distal anastomosis constructed to 


Summary of Infants Less Than 3 Weeks Old 


7 (10096) discharged 


1 (3396) discharged; 1 death, 


the right »ulmonary artery between the as- 
cending aorta and superior vena cava. The 
shunt functioned well in the operating room, 
and ther? was a prompt increase in arterial oxy- 
gen satcrazion from 54 to 8096. The systolic 
arterial Flood pressure increased by 15 mm Hg 
during transient shunt occlusion. The baby 
died suddenly on the tenth postoperative day. 
A shunt murmur was still present approxi- 
mately -wslve hours prior to the sudden 
hypoxic episode. At postmortem examination, 
the conduit was noted to be kinked in its mid- 
dle portior, causing thrombosis at this site. 
Both proximal and distal anastomoses were 
widely patent. Apparently, the right lung had 
compressec the graft against the mediastinum, 
causing the loop to kink upon itself. 

Another »atient with pulmonary atresia, in- 
tact ventricular septum, and small right ven- 
tricular cavity underwent balloon atrial septos- 
tomy when he was 2 days old. The child then 
immedia:elz underwent construction of an as- 
cending aorta-main pulmonary artery shunt 
through a -eft thoracotomy. An excellent re- 


Results and 
Cause of Death 


Long-Term Follow-up 


2 late deaths: biliary atresia 
at 2 mos, dehydration 
(shunt clotted) at 6 mo; 5 
alive and well at 5 to 40 mo 
(3 reshunted) 


1 alive and well at 20 mo 


inadequate ASL: (shunt 
patent); 1 death. k nked 
shunt 


Mean Mean 
No. of Age Weight 

Diagnosis Patients (d) (kg) 
PA + VSD 7 4.0 2.7 
PA + IVS 3 Ly 3.0 
TA 4 6.5 9.2 
TOF 2 9.0 3.1 
Heterotaxy 2 12.0 3.4 

syndrome 
Single ven- 2 2.5 2.7 

tricle + PS 


3 (75%) discharged; 1 death, 
respiratory arrest Ghunt 
patent) 

1 (50%) discharged; 1 death, 
sepsis (shunt pétemt) 


1 (50%) discharged; 1 death, 
intraoperative VF 


1 (50%) discharged; 1 death, 
CVA (shunt patent) 


3 alive and well at 13 to 40 
mo (2 reshunted) 


1 late death 25 mo after 
initial shunt and 1 mo 
after second shunt 
procedure (see text) 

1 sudden death at home at 19 
mo (no postmortem ex- 
amination) 

1 sudden death at 3 mo: 
composite shunt clotted 


PA = pulmonary atresia; VSD = ventricular septal defect; IVS = intact ventricular septum; ASD = atrial septal defect; TA = 
tricuspid atresia; TOF = tetralogy of Fallot; VF = ventricular fibrillation; PS = pulmonary stenosis; CVA = intracerebral 


hemorrhage. 


™“? 
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sponse in arterial oxygen saturation was noted. 
However, on the third postoperative day, alow 
cardiac output state developed. The shunt 
murmur was still audible and arterial oxygen 
saturation remained greater than 80%. The 
baby died suddenly, and at postmortem exam- 
ination, the atrial septum was thick walled and 
the atrial septal defect was small and inade- 
quate. Apparently, the septostomy procedure 
had stretched the foramen ovale, allowing ade- 
quate systemic cardiac output for two days after 
operation. As the interatrial communication 
became smaller, systemic output fell. 

A 13-day-old baby with severe tetralogy of 
Fallot died of pulmonary sepsis caused by 
Pseudomonas aeruginosa four days after con- 


struction of a well functioning shunt. The con- . 


duit was 2 cm in length. Pulmonary congestion 
may have predisposed the baby to the de- 
velopment of pneumonia. At postmortem ex- 
amination, the shunt was patent. A 1-day-old 
baby with dextrocardia, transposition of the 
great vessels, single ventricle, and pulmonary 
atresia died of an acute intracerebral hemor- 
rhage seven days after operation. The shunt 
murmur was audible throughout the hospital 
course and the shunt was patent postmortem. 
The sixth early postoperative death occurred in 
a newborn infant with tricuspid atresia, pul- 
monary stenosis, and transposition of the 


great vessels. Operation was performed when. 


the baby was 3 days old. The child died three 


days later after a sudden episode of respiratory 


distress. The shunt was patent postmortem, 
and the cause of death was not determined. 
The 14 operative survivors all had prompt in- 
crease in arterial oxygen saturation. Preopera- 
tive oxygen saturation ranged from 33 to 80% 
(62%) and postoperative oxygen saturation 
from 78 to 90% (87%). Long-term follow-up re- 
vealed satisfactory or excellent palliation. How- 
ever, as growth occurred, the children tended to 
become more cyanotic and a second shunt pro- 
cedure was required in 6 of them. The sec- 
ond operation was carried out at 3, 7, 9, 20, 24, 


and 37 months, respectively, after the first 


shunt. Four patients are still doing well, with 
only the PTFE shunt for palliation at 5, 13, 20, 
and 20 months after the initial shunt procedure. 
Patency of the graft has been confirmed at re- 
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Aortogram from a 24-month-old child with tetralogy of 
Fallot. The arrows outline a 4 mm central PTFE shunt 
performed when the patient was 5 days old. Note that 
both the right and left pulmonary arteries are well de- 
lineated by the contrast material. 


peat catheterization in all survivors beyond one 
year. 

There have been 5 late deaths. One child died 
25 months after the original operation, follow- 
ing a right Blalock-Taussig procedure. This 
child underwent correction of a tracheo- 
esophageal fistula on the first day of life. 
When he was 5 days old, a 4 mm graft was 
implanted between the ascending aorta and the 
main pulmonary artery, and excellent palliation 
was obtained. The child had severe tetralogy of 
Fallot, dextroposition, right aortic arch and de- 
scending aorta, left superior vena cava draining 


‘to the coronary sinus, absent innominate vein, 


and a large atrial septal defect. In addition, he 
had an unsuspected right lower lobe pulmonary 
sequestration and suffered from repeated se- 
vere respiratory infections. After the second 
shunt was performed, the postoperative course 
was characterized by recurring pneumonia and 
pulmonary insufficiency. He died suddenly, 
thirty days after the second shunt procedure. 
The original shunt was patent at cardiac 
catheterization, at angiography (Figure), and at: 
postmortem examination. The pulmonary 
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sequestration was found to be infected post- 
mortem. 

The second late death occurred in a patient 
with polysplenia syndrome, situs inversus, 
pulmonary atresia, and ventricular septal defect 
for which a PTFE shunt was created when he 
was 5 days old. This child died suddenly at 
home, 19 months after the PIFE shunt. He was 
seen seven days previously by his pediatrician, 
and the shunt murmur was appreciated. A 
postmortem examination was not performed 
and the cause of death is undetermined. A third 
late death occurred 3 months after creation of a 
shunt and a Blalock-Hanlon procedure in a 4- 
day-old baby with single ventricle, pulmonary 
stenosis, mitral atresia, and transposition of the 
great vessels. The conduit extended from the 
ascending aorta to the right pulmonary artery, 
which was quite small, thereby making the op- 
eration technically difficult. A composite graft 
was used, utilizing 3 cm of a graft 5 mm in 
diameter and 1.5 cm of a graft 4 mm in diame- 
ter. The child did well after operation and had 
an excellent shunt murmur. When he was 3 
months old, he was admitted to the hospital 
with a febrile illness and died suddenly shortly 
after feeding. Postmortem examination showed 
a fresh thrombus at the junction of the 4 mm 
and 5 mm PTFE conduits. The fourth late death 
occurred in a patient with pseudotruncus. This 
child underwent ascending aorta- main pulmo- 
nary artery PTFE shunt when she was 11 days 
old, and palliation was excellent. Fivé months 
after operation and late in the course of gas- 
troenteritis, she was hospitalized at another 
institution. She was then transferred to our 
hospital in a moribund state, in shock, with 
estimated dehydration of 15 to 2096. No shunt 
murmur was audible. An emergency Blalock- 
Taussig shunt was performed, resulting in im- 
proved arterial oxygen saturation. Seven days 
later the infant died of multiple cardiac arrests. 
Postmortem examination revealed recent 
thrombosis of the PTFE shunt and patency of 
the subclavian—pulmonary artery anastomosis. 
In addition, the size of the pulmonary trunk 
and main branches appeared grossly normal. 
We suspect that thrombosis of the PTFE graft 
was caused by the severe dehydration and 
shock. The fifth patient died of biliary atresia 2 


months after operation. The PTFE shunt was 
patent postmortem. 

In the group of patients more than 3 weeks 
old, there was 1 operative death related to tech- 
nical factors in creation of the shunt. A 2- 
month-old baby with pulmonary and tricuspid 
atresia had very small branch pulmonary ar- 
teries. The left pulmonary artery measured 2 
mm in diameter and the right pulmonary ar- 
tery, 3 mm. The distal anastomosis was per- 
formed. at the bifurcation of the pulmonary 
arteries, and the patent ductus arteriosus was 
ligated. Sudden thrombosis of the shunt oc- 
curred one hour postoperatively and flow could 
not be reestablished at emergency reoperation. 
Five other patients have had excellent long- 
term palliation and in 4 of them, repeat ca- 
theterization has confirmed shunt patency. 
Follow-up has ranged from 9 to 32 months. One 
patient has undergone complete repair of tet- 
ralogy cf Fallot 14 months after the PTFE shunt. 
The repair was straightforward and no patch 
was required for the pulmonary annulus or 
main pulmonary artery. The graft was clamped 
and divided, and each anastomosis was over- 
sewn. Two of the patients in the older group 
have urdergone a second shunt procedure, 12 
and 24 mo, respectively, after the PTFE shunt. 


Commeat 

The present report details the operative tech- 
nique, results, and long-term follow-up in 26 
patients who underwent systemic-pulmonary 
artery shunting using the PTFE vascular pros- 
thesis. This vascular conduit was introduced in 
1972, when Soyer and colleagues [10] reported 
their laboratory experience using PTFE for a 
vena cava graft. Subsequent reports suggested 
that PTFE is a satisfactory material for use as an 
arterial substitute or as a venous conduit [1, 9]. 
Experimental observations indicate that PTFE 
prostheses 4 mm in diameter and with a pore 
size of 20 to 30 u are optimal for use as small 
arterial substitutes. The physical characteristics 
of the material are well detailed in the literature 
[1, 4, 5, €]. The present report indicates that the 
PTFE central aortopulmonary shunt is a useful 
modality for palliating severely cyanotic infants 
with reduced pulmonary blood flow. Long- 
term follow-up indicates that progressive cy- 
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anosis does occur as the child grows. Excel- 
lent growth and development was noted in all 
patients with patent grafts. Factors that may in- 
fluence long-term palliation and graft patency 
are the length of the graft and technical factors 
occurring at operation. Our experience suggests 
that the optimal length of the graft for an infant 
is 3.5 to 4 cm. Grafts with a larger diameter may 
be useful in older children or adults. 

We adopted the PTFE aortopulmonary shunt 
as the procedure of choice for critically ill in- 
fants because of the reported unsatisfactory ex- 
perience with the Waterston and Potts shunts. 
The complications accompanying the construc- 
tion and subsequent closure of direct aorta- 
pulmonary artery shunts are well known. The 
Potts shunt rarely results in kinking of the left 
pulmonary artery. However, it may cause pul- 
monary vascular obstructive disease and is 
technically difficult to repair at the time of re- 
pair [2]. The Waterston shunt is capable of ex- 
cellent long-term palliation and on many occa- 
sions is easily interrupted at the time of repair 
[11]. Unfortunately, it often results in kinking 
or partial obstruction of the proximal right 
pulmonary artery with absent or reduced shunt 
flow to the left lung as a consequence. De- 
pending on the adequacy of the right ventricu- 
lar outflow into the pulmonary trunk, such a 
sequela can compromise the growth of the left 
pulmonary vascular tree. Reconstruction of the 
right pulmonary artery may be necessary at the 
time of corrective repair. These complications 
add to the morbidity and mortality of repair. 

The Blalock-Taussig shunt is our procedure of 
choice for infants and children who are more 
than 3 weeks old. We agree with recent reports 
suggesting that satisfactory results can be ob- 
tained with the Blalock-Taussig shunt in infants 
weighing as little as 3 to 3.5 kg [8]. Proper con- 
struction of the Blalock-Taussig shunt requires 
dissection of the innominate, carotid, and sub- 
clavian arteries. The operation is more time- 


consuming than the PTFE shunt and this factor 


may be critical in severely hypoxic and acidotic 
infants. In addition, construction of a Blalock- 
Taussig shunt in the first weeks of life may not 


result in adequate long-term palliation [8]. By , 


avoiding the risk of a technical failure from an 
attempted Blalock-Taussig shunt in the first 


weeks of life, the PTFE central shunt assures 
availability of the subclavian artery for future 
palliative operation, if necessary. 

When the PTFE conduit is constructed be- 
tween the ascending aorta and main pulmonary 
artery, bilateral pulmonary blood flow is main- 
tained. This pattern of shunt flow is ideal since 
it promotes symmetrical growth and develop- 
ment of the pulmonary arterial tree. If the distal 
anastomosis is into the pulmonary trunk or at 
the bifurcation of the pulmonary arteries, pul- 
monary branch occlusion is not required. A 
patent ductus arteriosus, if present, can provide 
pulmonary blood flow during partial occlusion 
of the pulmonary trunk or the pulmonary bifur- 
cation. The diameter of the PTFE shunt is fixed, 
and this precludes construction of a shunt that 
is too large. We have not encountered marked 
congestive heart failure in any infant when 
graft length was greater than 3 cm nor have we 
experienced development of pulmonary vascu- 
lar obstructive disease as a late complication. 

The unsatisfactory early and late results in 
our series deserve comment since they provide 
some technical considerations in the construc- 
tion of PTFE central aortopulmonary shunts. 
The only patient who had notable pulmonary 
congestion and hepatomegaly following a PTFE 
shunt was an infant who died four days after 
implantation of a 2 cm graft. Pulmonary insuffi- 
ciency and secondary infection may have been 
related to excessive blood flow across the short 
graft. We have not encountered this complica- 
tion in any infant with a shunt longer than 3.5 
cm. In another patient, a long-term survivor, 
the 4 mm PTFE graft was 5.5 cm long. Six 
months later, the child had doubled his birth 
weight but was becoming more cyanotic. An- 
giography confirmed shunt patency. Never- 
theless, a Blalock-Taussig shunt was con- 
structed to improve pulmonary blood flow. 
This patient had the longest 4 mm diameter 
graft in our series, and it is possible that the 
length of the conduit accounted for the need for 
the secondary procedure relatively early in 
follow-up. 

Technical difficulties can occur when the 
shunt is constructed from a right thoracotomy 
iri a patient with normal orientation of the great 
vessels. In 1 of our patients, kinking of the graft 
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occurred three weeks after operation because of 
the tight loop required to shunt from the as- 
cending aorta to the right pulmonary artery 
between the ascending aorta and superior vena 
cava. When a Blalock-Hanlon procedure is re- 
quired and a simultaneous shunt is to be per- 
formed, we now believe that the loop graft from 
the ascending aorta to the right pulmonary ar- 
tery should not be constructed to the right pul- 
monary artery proximal to the superior vena 
cava. A modified Blalock-Taussig shunt (inter- 
position of a short straight segment of PTFE 
tube between the innominate or subclavian ar- 
tery and the pulmonary artery) would avoid 
the tedious dissection necessary for the usual 
Blalock-Taussig shunt and allow creation of a 
satisfactory shunt. In this situation, Jennings 
and co-workers [7] suggested that the shunt be 
placed from the ascending aorta to the right 
pulmonary artery distal to the superior vena 
cava. Late death occurred in 1 patient in whom 
a shunt was constructed of two separate lengths 
of PTFE tube, In this patient, technical difficul- 
ties encountered at operation necessitated re- 
construction of ‘the shunt. Rather than take 
down the PTFE tube-pulmonary artery anas- 
tomosis, which had been difficult to construct, 
we elected to transect the PTFE graft and inter- 
pose a segment of 5 mm PTFE graft. The overall 
length of this shunt was 5.5 cm. The shunt 
functioned well in the early postoperative pe- 
riod but the child died suddenly at the age of 3 
months. The shunt was not kinked but throm- 
bosis of the conduit at the site of the PTFE 
tube-PTFE tube anastomosis was detected at 
postmortem examination. This suggests that 
additional suture lines within the conduit 
should be avoided. 

. Since the PTFE aortopulmonary shunt is 
technically easy to construct in critically ill in- 
fants, we believe that it is the procedure of 
choice for urgent or emergency operations 


during the early weeks of life. The PTFE shunt 


provides satisfactory palliation and does not 
distort the pulmonary artery anatomy. Shunt 
flow is fixed by the luminal size of the graft 
material, and this prevents excessive blood 
flow and congestive heart failure. In addition, 
the development of late pulmonary vascular ob- 
structive disease is precluded. The palliative 


effect eventually declines as body growth oc- 
curs, anc. a second procedure may be necessary 
within 6 months to three years after the PTFE 
shunt. Careful follow-up is necessary to ensure 
proper timing of the secondary procedure. Even 
in circumstances in which the PTFE shunt 
results i^ relatively short-term palliation, a 
Blalock-Taussig anastomosis can be performed 
as a seccndary procedure under ideal surgical 
conditions. 

Other indications for the PTFE shunt are as 
follows: when unusual anatomy of the great 
vessels precludes construction of other forms of 
systemic-pulmonary artery shunt; when previ- 
ous shurts have failed; and when anatomy of 
the subclavian artery is unsuitable for creation 
of a satistactory Blalock-Taussig anastomosis. A 
short piece of PTFE tube can be interposed to 
create a composite Blalock-Taussig shunt, with 
excellent long-term results. In situations in 
which short-term palliation is indicated and in 
which bilateral pulmonary blood flow would 
allow for growth and development of the main 
pulmonary arteries, the PTFE shunt may be 
the procedure of choice. For example, in the 
hypoxic infant with severe tetralogy of Fallot, 
we prefer a central PTFE shunt to early complete 
repair. Satisfactory growth of the pulmonary 
artery branches can be achieved, which, in 
turn, facilitates successful, total repair by the 
second year of life. Although the PTFE shunt 
does not solve all of the problems inherent in 
palliative operation for infants with reduced 
pulmonary blood flow, it represents a useful 
alternative to presently available surgical tech- 
niques. Continued long-term follow-up is nec- 
essary to determine the fate of PTFE conduits 
and anas:omotic sites. We remain cautiously 
optimistic about this modality of palliation. 
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Discussion 

DR. JAROSLAV STARK (London, England): Dr. Lam- 
berti and his colleagues brought before us an im- 
portant topic. However, at the Hospital for Sick 
Children, we do not agree with their view on the 
suitability of the Blalock-Taussig shunt for the small- 
est infants. We believe that if it is possible to perform 
an anastomosis on a coronary artery, it should be 
possible to do it on small subclavian and pulmonary 
arteries. I have selected a few series from recent liter- 
ature that emphasize my point. Aberdeen (1971— 
1975) and Arciniegas (1974—1975) reported on five 
and seven shunts, respectively, carried out on neo- 
nates, without mortality. Marberger and colleagues 
(1975-1976) performed six shunts, with no deaths, 
and at Great Ormond Street (1976-1978) we have 
done sixteen with 1 death. These series include a 
total of 34 infants, only 1 of whom died (396). These 
authors reported excellent patency rates. 

I wish to discuss the U curve on the shunt reported 
by Dr. Lamberti. One death due to kinking occurred 
in their series, and the U curve concerns me. At 
Great Ormond Street we approach this problem in a 
different way. Our first choice is the Blalock-Taussig 
shunt. If we must use a Gore-Tex shunt, we place it 





Gore-Tex shunt lying between the subclavian artery and 
one of the main branches of the pulmonary artery. 


between the side of the subclavian artery and one of 
the main branches of the pulmonary artery (Figure). 
My colleague, Mr. de Leval, had the idea that a tube 
bigger than is required could be used because the 
size of the subclavian artery and not the tube itself 
would be the factor limiting flow. In addition, it is 
possible that as the child grows, the subclavian ar- 
tery also will grow and the flow through the shunt 
possibly will increase, rather than decrease. This re- 
mains a hypothesis at this stage. Since 1976, we have 
used this modified Blalock-Taussig shunt in 48 pa- 
tients, with 43 (9096) survivors. However, since our 
follow-up period is only up to three years, we are in 
no position to evaluate the long-term results. 


DR. J. NILAS YOUNG (Oakland, CA): At Children's 
Hospital in Oakland, in the past 24 months we have 
had the opportunity to utilize the Gore-Tex shunt on 
9 occasions in 8 patients with these anomalies. Six of 
the patients were operated on in the first two weeks 
of life. One patient with an atrioventricular canal and 
pulmonary stenosis was operated on at the age of 4 
months and another similar patient at the age of 22 
months. Four patients had undergone an earlier pro- 
cedure to improve pulmonary flow. 

Our results are as follows: There were three early 
graft failures. All occurred in grafts which were ap- 
proximately 1.5 to 2 cm in length and were con- 
structed between the ascending aorta and the main 
pulmonary artery. There was one late shunt failure in 
a 4 cm loop graft, which occurred in a patient eight 
weeks after operation following an episode of ar- 
rhythmia and severe hypotension. There were 2 early 
deaths, both associated with shunt failure. There 
were also 2 late deaths, but these patients had func- 
tional shunts. Partial pressure of oxygen was im- 
proved from an average of 27 mm Hg preoperatively 
to an average of 55 mm Hg postoperatively in those 
patients with functional shunts. 

At the present time, our preferred technique is a 
3 to 4 cm loop graft from the aorta to the main pulmo- 
nary artery or the main branch pulmonary arteries, 
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when indicated. Our incision is a median ster- 
notomy. We utilize 7-0 Prolene and 4 mm Gore-Tex. 


DR. WILLIAM H. HEYDORN (San Francisco, CA): I sup- 
port the use of polytetrafluoroethylene (PTFE) as a 
prosthetic material. Although it has been generally 
„accepted for arterial prostheses, experience with 
PTFE in venous replacements is limited. 

The precava of more than 60 dogs has been re- 
placed with various types of PTFE grafts in the lab- 
oratories at Fitzsimons and Letterman Army Medical 
Centers. The current series demonstrates a patency 
rate of nearly 70% for commercially available Gore- 
Tex (Ann Thorac Surg 27:173, 1979). Experimental 
tubes with a spiral support have been used to pre- 
vent the collapse or kinking that can occur when 
‘grafts are used as an aortopulmonary shunt. Some of 
these grafts have performed for as long as two years 
and, when removed, show a well-healed neointima 
and incorporation of host tissues into the interstices 
of the prosthetic tube. 

Our clinical experience at Letterman Army Medical 
Center is limited to 3 patients, all of whom have pa- 
tent shunts at 4, 10, and 14 months after operation. 


DR. L. HENRY EDMUNDS, JR. (Philadelphia, PA): I com- 
pliment Dr. Lamberti for a very fine and detailed 
presentation, but I would like to support Mr. Stark's 
enthusiasm for the Blalock-Taussig shunt in the 
neonate. 

At Children's Hospital of Philadelphia, we have 
performed 28 Blalock-Taussig anastomoses in infants 
less than 1 week old. Of the 8 early hospital deaths, 2 
were shunt related and the other 6 were related to 
other diagnoses. All shunts were patent in the late 
deaths. 

] think that the Blalock-Taussig shunt can be em- 
ployed in newborns with complex forms of heart dis- 
ease if microvascular techniques are used. However, 
the Gore-Tex shunt provides a very fine backup. 


DR. JAMES 5. DONAHOO (Baltimore, MD): We have 
been interested and enthusiastic about the use of the 
Gore-Tex shunt for treating neonates with cyanotic 
heart disease. We have used Gore-Tex shunts in the 
repair of various congenital disorders of the heart in 
35 children. Twenty-two were less than 1 month old 
and had inadequate pulmonary blood flow. There 
has been 1 shunt-related death in these 22 children, 
and two shunts needed revision. Among the 21 sur- 
vivors, there has been 1 late death and one clotted 
shunt. The follow-up is now up to three years. 
Initially, we used the central type technique de- 
scribed by Dr. Lamberti and Alan Gazzaniga, but we 
have since placed the shunt from the subclavian ar- 
tery, as described by Mr. Stark, or from the de- 
scending aorta to the left pulmonary artery. I strongly 
believe that this provides one real advantage—the 
prosthesis does not have to be bent. Almost all tech- 


nical protlems involved with this type of shunt pro- 


cedure have been secondary to kinking of these 


straight grafts, which have no crimping. Use of an 
extrapericardial technique also means that the 
mediastinum need not be violated, which should aid 
in repair at a later date. 


DR. JURO WADA (Tokyo, Japan): At the Heart Institute 
of Japan, Tokyo Women's Medical College, we also 
are enthusiastic about the use of the Gore-Tex tube in 
shunting procedures for cyanotic children. We 
realize the procedure is palliative. It has been used in 
54 patientz. In about one-fifth of them, it was applied 
with the central shunting technique, and in the re- 
mainder it was used as an interposition in the Blalock 
procedure. In the latter operation, we intentionally 
chose the side with the hypoplastic pulmonary ar- 
tery since we thought this would encourage growth 
of the artery. This would make radical repair easier if 
done later on. 


DR. LAMBERTI: I would like to thank the discussants. 
We agree with Mr. Stark that the Blalock-Taussig 
shunt is tFe procedure of choice for cyanosis in virtu- 
ally all age groups. We use the PTFE shunt for 
emergencr operations in critically ill neonates. In 
addition, this type of shunt procedure is useful when 
other shunts have failed or when the anatomy is 
markedly abnormal. As Mr. Stark has pointed out, we 
rarely encounter problems with the length of the 
subclaviar artery during construction of a Blalock- 
Taussig shunt. Adequate mobilization of the right 
carotid ar&ry and innominate artery almost always 
allows creetion of an excellent shunt. When the shunt 
is created 5n the same side as the aorta, usually the 
left side, xinking can occur. In this situation, we 
interpose a short segment of 5 mm PTFE tubing to 
allow crea-ion of a satisfactory shunt. 

Mr. Sta-k and Dr. Donahoo advocate a straight 
shunt rather than the loop graft we have utilized. I 
believe that their procedure can be quite useful in 
critically ili children. Certainly that procedure avoids 
extensive dissection and yields a rapid increase in 
pulmonary blood flow. We would be most concerned 
about the ong-term results when a straight piece of 
PTFE tubing is utilized since growth and develop- 
ment saotld result in distortion of the pulmonary 
artery ana-omy. The choice of a loop graft of PTFE 
was made in order to avoid distortion of the pul- 
monary a-terial tree, seen with other forms of 
systemic-pulmonary artery shunting. 

Dr. Edmunds has described a 28% mortality for 
performance of the Blalock-Taussig shunt in very 
early infamcy. I would be most interested in the 
long-term -esults in these children. These early oper- 
ative data are quite similar to our series and others 
reported in the literature for a variety of shunting 
procedures. We have seen no operative mortality in 
infants and children undergoing the Blalock-Taussig 
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procedure when the child was stable prior to opera- 
tion. I would emphasize that we prefer to perform 
the Blalock-Taussig operation under ideal operative 
conditions in order to achieve the longest palliation 
possibie. 

I thank Dr. Wada, Dr. Heydorn, and Dr. Young for 
their comments. We believe that the PTFE loop shunt 
avoids the early and late technical complications of 


‘the Waterston-Cooley anastomosis. Our follow-up 


data indicate that a 4 mm PTFE shunt will provide 
satisfactory palliation for 6 to 36 months. All children 
have required a second shunt within 36 months. This 


procedure does not replace the Blalock-Taussig shunt 


but represents another addition to the armamen- 
tarium of the surgeon dealing with critically ill in- 
fants with reduced pulmonary artery blood flow. 


Pancoast’s Tumor: Irradiation or Surgery? 


Safuh Attar, M.D., John E. Miller, M.D., John Satterfield, M.D., 
Chi Kim Ho, M.D., Robert G. Slawson, M.D., John Hankins, M.D., 


and Joseph S. McLaughlin, M.D. 


ABSTRACT Seventy-three patients with Pancoast's 
tumor treated at the University of Maryland Hospi- 
tal between 1955 and 1978 were reviewed. There 
were 34 squamous cell carcinomas, 13 undiffer- 
entiated, 10 adenocarcinomas, 4 mixed adeno- 
squamous, 1 alveolar cell, and 11 undetermined. 
Twenty-nine patients received irradiation, with 7% 
survival at 3 years; 19 patients underwent preopera- 
tive irradiation followed by en bloc resection of 
chest wall, with 23% survival at 3 years; 5 patients 
underwent extended resection, with 60% survival at 
3 years; and 18 patients underwent operation fol- 
lowed by irradiation, with 7% survival at 3 years. 
Retrospective staging of 42 patients undergoing op- 
eration indicated that 22 (52%) were inoperable. 
Prognosis was related to staging of the disease, the 
extent of local invasion, nodal involvement, cell 
type, and adequacy of operation. 


Pancoast [8] described the superior sulcus 
tumor to occur “at a definite location at the 
thoracic inlet, characterized clinically by pain 
around the shoulder and down the arm, 
Horner’s Syndrome and atrophy of the muscles 
of the hand and to present roentgenographic 
evidences of a small, homogenous shadow at the 
extreme apex, always more or less local rib de- 
struction and often vertebral infiltration.” The 
prognosis for this tumor remained dismal, with 
an average survival of between 10 and 14 
months [9], until 1961 when Shaw and co- 
workers [27] reported promising results with 
preoperative irradiation and operation. Further 
reports by Paulson [10, 11] confirmed the favor- 
able results with that approach. However, re- 
ports from other medical centers [7] did not 
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achieve similar results. The present study re- 
views our experience with various modalities of 
therapy for this tumor, in order to define the 
specific factors that determine operability, 
prognosis, and survival. 


Materials and Methods 
The records of 73 patients with Pancoast’s 
tumor treated at the University of Maryland 
Hospital >etween 1955 and 1978 were reviewed. 
There were 64 men and 9 women ranging from 
30 to 75 years old, with the majority in the fifth 
and sixth decades. The duration of symptoms 
was less than 3 months in 28 patients (38%), 
between 3 and 6 months in 17 patients (2396), 
between 5 and 12 months in 9 patients (12%), ` 
and ranged from 12 to 36 months in 6. For the 
other 13, duration was not recorded. The 
symptoms consisted of pain around the shoul- 
der in 32 patients (4496). It radiated along the 
ulnar distribution of the arm to the elbow and 
ulnar surface of the forearm and small and ring 
fingers of the hand in 22 patients (Fig 1). Pul- 
monary symptoms in the form of cough and 
hemoptysis were minimal and were present in 
10 patients (14%). Eighteen patients (25%) had 
palpable supraclavicular nodes, 17 (23%) had 
notable lass of weight, and 4 (5%) had superior 
vena cavé obstruction. The neurological signs 
and symptoms resulted from involvement of 
the lower trunk of the brachial plexus (the 
eighth ce-vical and first and second thoracic 
levels), tne stellate ganglion, the vertebral 
bodies and spinal cord, and the recurrent 
laryngeal and phrenic nerves by mediastinal 
extension Horner's syndrome was present in 
25 patients (3496), sensory disturbances and 
muscle weakness in 6 (896), spinal cord in- 
volvemen: with paraplegia in 4 (5%), recurrent 
laryngeal nerve paralysis in. 7 (10%), and 
phrenic nerve paralysis in 3 (4%). 

In chest roentgenograms, the tumor appeared 
as a mass apical lesion in 44 patients (60%) and 
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Fig 1. The neurological structures involved by Pan- 
coast's tumor: nerve roots at the eighth cervical and first 
and second thoracic levels, the lower trunk of the bra- 
chial plexus, and the sympathetic chain. The areas of 
direct and referred pain (shaded) are shown. (Modified 
from Paulson [11]. (N = nerve.) 


an apical pleural thickening in 29 (40%). Rib 
destruction, involving the posterior segments 
of the first, second, and third ribs, was seen in 
24 patients (3396), and involvement of the 
transverse processes and vertebral bodies of the 
upper thoracic vertebrae was seen in 16 patients 
(22%). 

Bronchoscopy was performed in 43 pa- 
tients; it was noncontributory in most of them 
although it demonstrated fixation of the carina 
in 2. The results of cytology were positive in 


13 patients. Needle biopsy was positive in 4° 


and rib biopsy in 2, and thoracotomy was 
performed early in the series in 5 patients to 
confirm the diagnosis prior to preoperative ra- 
diotherapy and definitive operation. Medias- 
tinoscopy has been added recently to the diag- 
nostic workup for staging of the tumor. 

The patients were subdivided into five 
groups according to the method of therapy. 

GROUP I: RADIATION THERAPY. This group 
comprised 29 patients who were considered in- 
operable because of supraclavicular or axillary 
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lym»h node metastases in 12, metastatic bone 
invclvement to iliac, rib, or vertebrae not con- 
tiguous with the tumor in 5, involvement of . 
vertebral bodies adjacent to the tumor in 5, re- 
current laryngeal nerve paralysis in 4, phrenic 
nerve paralysis in 3, bilateral pulmonary > 
metastasis in 2, and cerebral metastasis in 1. 
There were multiple causes of inoperability in 
some patients. Irradiation to the intrathoracic 
sites was accomplished with cobalt 60 tele- 
therapy, a 4 mev linear accelerator, or a 33 mv 
Brown Boveri betatron. At the start of the re- 
view period, the approach to treatment was to 
give a radical palliative course of irradiation 
when feasible, i.e., 6,000 rads in 6 weeks. The 
first 4,000 to 4,500 rads was administered over 
4 to 415 weeks with opposed portals and then 
boosted with a small field of rotation. Gradu- 
ally, this approach was supplanted by a split 
course approach in which 3,000 rads was given 
in 2 weeks, followed by a 2-week break, and 
then. an additional 2,500 rads in 2 weeks. Six 
patients received lesser doses because of their 
poor general condition. 

| GROUP II: PREOPERATIVE IRRADIATION AND 
OPERATION. This group comprised 19 patients. 
In tFe early part of the review, 13 patients re- 
ceived 5,500 to 6,000 rads preoperatively to the 
primary tumor and mediastinum over a 4-week 
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period, followed in 4 to 6 weeks by operation. 
In 5 of these 13 patients, an initial exploratory 
thoracotomy was performed for biopsy and 
histological confirmation of malignancy prior to 
radiotherapy. In the latter part of the review, 
the dose level of radiation was reduced in 6 pa- 
tients to 3,000 rads given in ten treatments 
followed by operation in 4 to 6 weeks as re- 
commended by Paulson [9] and Shaw and as- 
sociates [12]. The surgical technique for resec- 
tion of the superior sulcus tumor was similar to 


that described by Shaw and co-workers [12]. It - 


usually included en bloc resection of the chest 
wall with portions of the upper three to four 
ribs, portions of the upper thoracic vertebrae 
including their transverse processes, the inter- 
costal nerves, the lower trunk of the brachial 
plexus, the stellate ganglion, and a portion of 
the dorsal sympathetic chain, together with the 
involved lung, resected by either lobectomy or 
segmental resection. Extended resection was 
performed in 12 patients undergoing lobec- 
tomy; 5 patients underwent lobectomy with 
limited resection, 1, with pneumonectomy and 
1, with segmental resection. 

GROUP III: OPERATION. This group consisted 
of 5 patients whose symptoms ranged in dura- 
tion from 2 to 6 months, and did not differ in 
severity from Group II. All underwent extended 
resection, though none required resection of 
the vertebral bodies. 


GROUP IV: OPERATION AND POSTOPERATIVE 


IRRADIATION. Eighteen patients were included 
in this group. Five underwent extended resec- 
tion and lobectomy, 2 had limited resection and 


lobectomy, and 11 had thoracotomy and biopsy - 


only because of extensive local involvement in- 
cluding the arch of the aorta and carotid vessels 


in 1, the subclavian artery in 2, the vertebral 
bodies in 4, and the mediastinal node in 6. 
They all -eceived postoperative radiation ther- 
apy to the tumor and mediastinum, ranging 
from 5,509 to 6,000 rads in 14 patients to 2,000 to 
3,000 rads in 5. 

GROUP V: This small group comprised 2 pa- 
tients, 1 with supraclavicular node involvement 
who did not receive any therapy and 1 in 
whom radiation therapy was attempted but 
was not tolerated. He was subsequently lost to 
follow-up. 


Pathology 

The distribution of cell type among the various 
groups is shown in Table 1. It fits well with the 
distribution of the cell type in lung tumors in 
general. Thirty-four patients had squamous cell 
carcinoma, 13 had undifferentiated, 10 had 
adenocarcinoma, 4 had mixed adenosquamous, 
1 had alveolar, and 11 had undetermined cell 
types. 

The effects of irradiation on lung tumors were 
character.zed grossly by a central softening of 
the tumo- mass and a peripheral pseudocapsule 
composed predominantly of fibrous tissue. Mi- 
croscopially, the central softening showed ne- 
crosis similar to that seen in ischemic changes 
of other organs. The necrotic neoplastic cells 
appeared as eosinophilic, amorphous material - 
with barely seen cellular outlines (ghost cells). 
Typical caanges induced by irradiation are il- 
Justrated in Figure 2. 

The majority of the patients receiving pre- 
operative irradiation had residual cancer cells 
in the tumor itself or in the pleura or chest wall 
except for 3 who showed complete sterilization. 
The presence of the tumor in these 3 patients 


Table 1. Distribution of Pancoast's Tumor by Cell Type among Five Groups of Patients? 


Cell Type Group I Group II 
Squamous cell 9 10 

. Undifferentiated 6 5 
Adenocarcinoma 4 1 
Mixed adenosquamous 0 3 
Alveolar cell 1 0 
Undetermined 9 0 





“Group I = irradiation; Group II = preoperative irradiation and operaton; Group III = operation; Group IV = operation and 


postoperative irradiation; Group V = no treatment. 


Group III Group IV Group V Total 
3 12 0 34 
0 2 0 13 
2 2 1 10 
0 1 0 4 
0 0 0 1 
0 1 1 11 
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Fig 2. Photomicrographs illustrating postirradiation 
changes: (A) central necrosis surrounded by a band of 
fibrous tissue in which inflammatory cells, fibroblasts, 
and a cluster of residual viable squamous cell carcinoma 
are seen; (B) lung with overlying thickened pleura 
showing damaged cancer cells, with hyperchromatic 
nuclei, scattered around a nerve (top) and in lung 
parenchyma (lower right). (Both: H&E; original mag- 
nification X16). 


had been proved by previous thoracotomy in 2 
and by cytology in 1. As for the effects of irradi- 
ation on the surgical specimens and the survi- 
val of the patients after resection of the ir- 
radiated tumor, no significant correlation could 
be demonstrated. One patient with complete 
sterilization of the tumor died of generalized 
disease 3 years 8 months later, while another 
patient with residual viable tumor seen micro- 
scopically survived 5 years after resection. 
These patients did not show lymph node in- 
volvement. The stage of nodal involvement 
seemed to be important in predicting the out- 
come of the disease, confirming similar obser- 
vations by Paulson [11]. All patients with 
mediastinal node involvement died shortly 
after operation. Bone involvement also indi- 
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cated a poor prognosis. Destruction of ribs, 
transverse processes, or vertebrae was present 
in about half of the patients, but in only 1 of 7 
who survived more than 3 years. 


Staging 

Clinical staging of the tumor and lymph nodes 
was done retrospectively based on the chest 
roentgenogram, tomograms of the chest and 
spine, bone and brain scans, gallium scans, and 
bronchoscopy. Recently, mediastinoscopy was 
added for staging all patients with Pancoast's 
tumor. However, involvement of the mediasti- 
nal lymph nodes by tumor was assessed in 
Groups I and V indirectly by the presence of 
paralysis of the recurrent laryngeal and phrenic 
nerves and superior vena cava obstruction. 
Clinical tumor and node staging was supple- 
mented by surgical staging in Groups II, III, 
and IV who underwent surgical exploration. 
The TNM classification system was used [1]. All 
Pancoast's tumors were considered T3 because 
of invasion of the chest wall. Staging of lymph 
nodes and metastatic disease in the various 
groups is summarized in Table 2. In Group II, 
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Table 2. Staging of Pancoast's Tumors among Five Groups of Patients? 





Stage Group I Group II 
NO MO 6 vg 
NO M1 6 0 
N1 MO 0 0 
N2 MO 2 1 
N2 M1 15 1 





Group II] Group IV Group V 
4 10 1 
0 0 0 
1 2 0 
0 6 0 
0 0 1 


"Staging is based on the TNM classification system [1]. All tumors were considered to be T3. 
"Group I = irradiation; Group II = preoperative irradiation and operation; Group III = operation; Group IV = operation and 


postoperative irradiation; Group V = no treatment. 


mediastinal node involvement was present in 2 
patients, and 17 were T3 NO MO. However, 7 of 
these patients had local invasion of the upper 
thoracic vertebrae by tumor. The extent of 
tumor was definitely less in Group III since 
none had involvement of the vertebral bodies 
and only 1 had peribronchial node involvement 
by tumor. In Group IV, there was mediastinal 
node involvement in 6 patients, superior vena 
cava compression in 2, invasion of the aortic 
arch and carotid artery in 1 and of the subcla- 
vian artery in 2, and involvement of the verte- 
bral bodies in 4. 


Results 

The survival of the various groups as deter- 
mined by the life-table method [4] is shown in 
Figure 3. The 3-year survival of Groups I and IV 


Fig 3. Actuarial survival curves in months for 71 pa- 
tients with Pancoast's tumors treated by radiation (29 
patients), preoperative radiation and surgery (19), sur- 
gery (5), surgery and postoperative radiation (18), cal- 
culated by the life-table method. 
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was not significantly different: there was only 1 
survivor (796) in each group. In Group I, 3 sur- 
vived 24 months, 33 months, and 38 months, 
respectively. Only 1, with bilateral pulmonary 
metastases, is still alive at 24 months. In Group 
IV, only 1 survived more than 3 years. This pa- 
tient had radiation fibrosis and occasional 
hemoptysis due to a fungus ball. In Group II, 
there were 4 survivors at 3 years (23%). One 
patient died at 3 years 8 months of dissemi- 
nated disease, though the surgical specimen 
showed no residual cancer, 1 died at 5 years of 
cerebrovascular accident with no recurrence, 
and the third is still alive 14 years postopera- 
tively without evidence of recurrence. Patho- 
logical examination of the surgical specimen 
showed extensive fibrosis with radiation effect. 
It is worth pointing out the high morbidity and 
mortality in this group that had full preopera- 
tive irradiation and operation. Three patients 
had a bronchopleural fistula and 1 had post- 
operative atelectasis, resulting in 2 deaths. 
There was 1 operative death. In the rest of the 
group, 2 patients died of cerebral metastasis 2 
years postoperatively, 3 had paraplegia due to 
complete bloc at the second and third thoracic 
levels and underwent palliative laminectomy, 
and 7 died of recurrent or disseminated disease 
3 months to 2 years postoperatively. One pa- 
tient is alive 5 months after resection, but has 
metastatic disease in the contralateral scapula, 
though there is no evidence of recurrent disease 
locally. In Group III, 2 patients died, 1 (T3 N1 
MO) of metastatic disease at 10 months and the 
other of undetermined cause at 3 years. There 
were 3 survivors 2 years 8 months, 7 years 6 
months, and 9 years 6 months postoperatively. 
There was no statistical difference in the 3-year 


Total 


38 
6 
3 
9 

17 
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survival between Group II and Group III (p = 
0.09). 


Comment 

For many years Pancoast's tumor was consid- 
ered inoperable, and treatment consisted of 
radiation therapy. Although the survival of pa- 
tients receiving radiation therapy alone was not 
significantly prolonged (10 to 14 months), it 
provided palliation in many patients. Bretz and 
associates [2] treated 15 patients with a mean 
dose of 3,000 to 3,500 rads during a 3.5-month 
period. The mean survival time after radiation 
therapy was 9.7 months, and the mean duration 
of symptomatic relief was 7.5 months. In 1956, 
Chardack and MacCullum [3] reported cure of 
Pancoast's tumor. Their patient had undergone 
operative resection followed by radiation ther- 
apy (6,528 rads). In 1966, Hepper and co leagues 
[5] reported on 77 patients with Pancoast's 
tumor: 7796 died within the first year and 
86.5% were dead at the end of 2 years. Six pa- 
tients survived at least 5 years. Two were 
treated by irradiation alone, 2 were treated by 
surgical resection and irradiation, and 1 was 
treated by pneumonectomy and chemotherapy. 
In 1971, Hilaris and associates [6] reported a 
5-year survival of 1696 in patients with unre- 
sectable lesions and interstitial implantation of 
radon at thoracotomy. The combinatioa of re- 
section of the parenchymal cancer and radon 
seed implantation of the chest wall residual dis- 
ease yielded a 5-year survival of about 3096. 
Paulson [11] reported in 1975 on 61 oatients 
completing the combined therapy, with 16 of 46 
patients surviving more than 5 years (3496) and 
8 of 30 patients alive for more than 1D years 
(29%). Kirsh and colleagues [7] reported on 23 
patients receiving radiation therapy alone; 3 
survived 5 years (13%). Twelve patients un- 
derwent preoperative radiation followed by 
radical excision of the chest wall; none of these 
patients survived 5 years. 

At first glance our results do not seem to con- 
firm the value of combined preoperative irradi- 
ation and operation in patients with Pamcoast’s 
tumors. At 3 years, only 4 patients out of 19 in 
Group II were alive after the combined proce- 
dure. There are several reasons for these poor 
results: (1) an initial thoracotomy to obtain a 


tissue diagnosis; (2) the use of a full cancericidal 
dose for radiotherapy; and (3) lack of selectivity 
of patients and operation. If these considera- 
tions are taken into account, of the 19 patients 
in Group II, only 7 had a potential for cure. The 
3-year survival in Group II (4 of 7) then becomes 
equivalent to the survival of the surgical group 
(3 of 5). The poor results obtained in Group 
IV—-operation followed by irradiation—are not 
surprising. Six patients had mediastinal node 
involvement, and 11 had extensive local inva- 
sion. 

This review confirms the importance of pre- 
operative assessment of Pancoast's tumors, as 
has been emphasized by Paulson [11]. Evalua- 
tion of the local extent of invasion of the tumor, 
of the regional lymph nodes, and of distant 
spread is extremely important since distinct 
survival patterns and prognostic implications 
are related to the stage of the disease. Extensive 
local involvement of the vertebral bodies, bra- 
chial plexus, subclavian artery, mediastinal 
nodes, and distant metastases constitute con- 
traindications to surgical intervention. We have 
demonstrated significant long-term survival in 
a small, highly selected series treated by opera- 
tion alone. However, the majority of patients 
are seen initially with rib, chest wall, and bra- 
chial plexus invasion that may not be encom- 
passed thoroughly by operation alone. Such 


_ patients are treated best by combined therapy. 


Radiation therapy is reserved for palliation 
in patients with nonresectable tumors. A full 
course of about 6,000 rads provides symptoma- 
tic relief in about 7096 of patients [13]. 
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Discussion 

DR. DONALD L. PAULSON (Dallas, TX): I had the 
privilege of reading Dr. Attar’s paper and will em- 
phasize mainly the definition of this peculiar loca- 
tion, the factors involved, and the prognosis, which 
he has already mentioned. 

In his classic paper of 1932, Pancoast used the term 
superior pulmonary sulcus tumors and defined these 
tumors as always occurring "at a definite location at 
the thoracic inlet," producing "constant and charac- 
teristic clinical phenomena of pain in the eighth cer- 
vical and first and second thoracic trunk distribution 

. and Horner's Syndrome." He described the 
roentgenographic findings as a “small, homogenous 
shadow at the extreme apex” associated with "more 
or less local rib destruction and often vertebral infil- 
tration." Pancoast made no mention of vena cava 
obstruction or of recurrent laryngeal or phrenic nerve 
involvement. In defining tumors in this precise loca- 
tion, Pancoast found it necessary to discard the term 
apical chest tumor, which he originally used in his 
paper of 1924, “because it has proved to be confusing 
and has permitted the inclusion of other more com- 
mon tumors in the upper part of the thorax." These 
tumors are but more extensive carcinomas primary in 
another location in the upper lobes and are not perti- 
nent to a discussion of carcinomas in the superior 
pulmonary sulcus. 

In our series of 107 patients, we have adhered 
strictly to Pancoast's precise definition, including the 
requirement of pain down the ulnar distribution of 
the arm at least to the elbow. From 1956 to 1978, 68 


patients (6196) of the 107 patients underwent com- 
bined precperative irradiation and extended resec- 
tion. Of these, 64 completed this treatment more than 
a year ago There are 22 3-year survivors, and 19 of 
59 patients have survived more than 5 years, 13 pa- 
tients have survived more than 10 years, and 7 more 
than 15 years. Calculated by the actuarial method, 
there has been a 3596 survival at 5 years in all pa- 
tients and a 4496 survival in patients with no nodal 
involvement. In this group with hilar or mediastinal 
nodes invclved (23%), only 2 patients out of 15 sur- 
vived 1 year, and none lived longer than 2 years. 

We agree that the extent of the tumor and the stage 
of nodal involvement (as with carcinoma in any loca- 
tion) are the dominant factors in prognosis. Medias- 
tinoscopy and computerized tomography, therefore, 
are pertinent to evaluation for resectability, and we 
have used CAT scans more frequently in the latter 
part of our series. 

Another factor we consider important in prognosis 
is the rad-ation effect at the chest wall level. In 29 
patients without nodal involvement reviewed retro- 
spectively_ those with complete sterilization without 
demonstrable residual viable tumor in the chest wall 
did well, while those with viable tumor in the chest 
wall without radiation effects did poorly. Now, we 
think there are patients with sufficiently localized le- 
sions without notable extended growth who may 
undergo e resection primarily with good results. 
However, we believe the use of preoperative irradia- 
tion in mcderate dosage (3,000 rads in ten treatments 
over twelxe elapsed days) can be given without in- 
creased morbidity and with improved results in all 
patients, most of whom do not have well-localized 
lesions. Tae 3 patients in the Maryland series who 
survived = years following resection alone obviously 
had localized lesions. We are pleased that the group 
at the University of Maryland as well as the groups in 
New York and Atlanta have essentially confirmed 
our results with regard to preoperative irradiation 
and extended resection for carcinoma in the superior 
pulmonarz sulcus. 


DR. JOSEPH I. MILLER (Atlanta, GA): I very much en- 
joyed Dr. Attar's presentation. 

We recently had the opportunity to review our se- 
ries of patients with Pancoast's tumor and presented 
these datz before the Southern Thoracic Surgical As- 
sociation in November, 1978. I would like to share 
with you some of our findings, which are similar to 
those of Dr. Attar. 

From 1970 to 1976, 26 patients underwent surgical 
resection Df a Pancoast tumor on the thoracic surgical 
service at Emory University Affiliated Hospitals. 

The wcrkup for all patients followed a protocol 
similar to that outlined by Dr. Paulson in his papers. 
The degree of involvement of the lesions was similar 
to that just presented. All patients underwent com- 
bined preoperative radiation therapy followed by 
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surgical resection. There was no attempt to make a 
diagnosis by surgical intervention other than by 
standard bronchoscopy, unless the patient was con- 
sidered to be obviously medically inoperable or sur- 
gically nonresectable. All patients underwent com- 
bined radiation therapy, and the majority received 
3,000 rads as outlined by Dr. Paulson. The surgical 
procedure consisted of lobectomy in all patients, 
combined with wedge resection in 1 patient, and re- 
section of the appropriate number of ribs as indi- 
cated by involvement of the tumor. There was 1 
operative death and 25 survivors. 

The stage of the tumor was expressed as Dr. Paul- 
son outlined in a paper 2 years ago; and herein prob- 
ably lies the crux of the entire problem. If there is no 
nodal involvement, the chances of long-term survival 
are excellent. If there is notable hilar or mediastinal 
involvement, there is little chance for long-term sur- 
vival. A 
In long-term follow-up, 9 of the 26 patients have 
survived 5 years, although 1 has recurrent disease. 
Six additional patients have survived 3 years, al- 
though 3 have recurrent or local disease at present, 
and 9 patients died of recurrent disease 5 months 
to 3 years after combined therapy. Our figures are 
similar to Dr. Paulson's in that 3596 of our patients 
when treated by combined radiation therapy and 
surgical resection survived 5 years. 

In summary, when patients with tumors of the 
superior pulmonary sulcus are carefully selected and 
staged, long-term survival is obtainable when they 
are treated with combined preoperative radiation 
therapy and surgical resection. 


DR. ROBERT GINSBERG (Toronto, Ont, Canada) I 
would like to congratulate the authors and also stress 
that operative intervention does have a role in the 
treatment of Pancoast's tumor. At the University of 
Toronto, we have reviewed 72 patients seen between 
1966 and 1976 with diagnosed Pancoast's tumor. The 
age range of male and female patients is similar to 
that in other series. Unfortunately, we have been 
able to perform resection for only 10 of the 72 pa- 
tients. Stringent preoperative assessment is done to 
rule out distant metastases. In addition, some of 
these patients were treated with radiation therapy by 
radiotherapists without ever seeing a surgeon. 

Fifty patients were inoperable when they were 
seen initially by us. Our surgical results are similar to 
those of Dr. Paulson: 4 of 10 were alive at 24 months. 
These are not actuarial results, but true. There was a 
group of 12 patients who we thought probably war- 
ranted operation but who never saw a surgeon and 
therefore received only radiotherapy. In these pa- 
tients with limited disease, and no evidence of 
metastases, only 2 are surviving at 24 months. 
Therefore, we conclude that operation does have a 
place. We use preoperative irradiation of 3,000 rads. 
` The most important advance recently is the com- 


puted tomography scan. Scanning helps us avoid 
operating on patients who have locally advanced dis- 
ease diagnosed only at operation. 


DR. NAEL MARTINI (New York, NY): During the past 
36 years, we have seen and treated 145 patients with 
superior sulcus tumors. Twenty-nine were treated by 
external irradiation alone, 68 by operation without 
preoperative irradiation, and 48 by preoperative ir- 
radiation and operation. 

We note from our data that too few patients are 
amenable to resection unless it is preceded by exter- 
nal irradiation (6 of 68 patients or 996 treated by op- 
eration compared with 11 of 48 patients or 2396 


, treated with preoperative irradiation followed by op- 


eration), and that there still remains a large group of 
tumors that are found unresectable at exploration 
with or without preoperative radiation therapy. This 
group of patients does poorly if treated by external 
irradiation alone. 

Our survival results were as follows: (1) with ex- 
ternal irradiation alone, with or without exploration, 
the mean survival was 6 months; (2) with resection, 
survival was much better when preoperative irradia- 
tion was given (mean survival, 30 months compared 
with 10 months); and (3) when the tumor was not 
resectable, the addition of implantation to external 
irradiation provided a better survival than with ex- 
ternal radiation therapy alone (12 months versus 6 
months). Our best results have been obtained with 
excision but our numbers in this group are small. In 
an earlier analysis, our 5-year survival by preopera- 
tive irradiation followed by en bloc excision was 
27%, which compares favorably with Dr. Paulson's 
report. Of greáter interest was the fact that a 1796 
5-year survival was achieved by palliative excision 
and implantation and a 1596 5-year survival by im- 
plantation alone. 


DR. DOV WEISSBERG (Be'er Yaakov, Israel): Our results 
are remarkably similar to those of Dr. Attar. It is not 
surprising that patients treated by irradiation alone 
showed the worst results because these patients ap- ` 
parently were considered inoperable in the first 
place. 

In our experience, and apparently also in that of - 
Dr. Attar, patients received postoperative radiother- 
apy either because the tumor could not be resected or 


it was thought that not all neoplasm was resected. On 


the other hand, in the patients with the most favora- 
ble operative findings, when all tumor was resected, 
no irradiation was deemed necessary. Naturally, in 
this group the results were best. 

Recently we have been doing pleuroscopy in pa- 
tients with lung cancer when there was a question of 
chest wall penetration by the neoplasm or of pleural 
metastatic spread. In several patients with limited 
pulmonary reserve, pleuroscopy enabled us to avoid 
an operation that otherwise would have been an un- 
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necessary exploratory thoracotomy. To date, the use 
of pleuroscopy in clinical staging. cf lung cancer has 
not been adequately explored, but the potential is 


great. 


DR. ATTAR: I would like to thank the discussants for 
their comments. We recognize the remarkable con- 
tribution of Dr. Paulson to the understanding and 
management of Pancoast’s tumors and agree 
wholeheartedly with his recommendations. We be- 
lieve that our study did not give a really fair trial to 
preoperative . irradiation and operation since we 
used full preoperative irradiation that was associated 
with increased morbidity and mortality. However, 
Dr. Miller has confirmed, as we did in a smaller way, 
the data presented by Dr. Paulson. However, our 
study points to a trend in improved surgical results 


in a selected group of patients with Pancoast's 
tumors. 

The cr:teria for selection of patients for operation 
alone without irradiation are not well defined yet. 
However, based on our limited small series, we think 
that patieats with a tumor seen initially as an api- 
cal shadow with minimal or no rib destruction, no 
vertebral or mediastinal node involvement, and 
minimal cr no involvement of the brachial plexus as 
assessed reurologically are potential candidates. We 
think that the results of therapy—be it operation 
alone, pre»perative irradiation and operation, or op- 
eration ard radon. implantation—reflect not the ef- 
fectiveness of the method of therapy but the extent of 
the diseasa. Therefore, as Dr. Paulson impressed on 
us, adequate preoperative assessment is extremely 
important if we hope to obtain good results in pa- 
tients with Pancoast's tumors. 


Nissen Hiatal Hernia Repair: 
Problems of Recurrence and Continued Symptoms 


R. D. Henderson, M.B. 


ABSTRACT The standard Nissen operation is the 
most effective method of reflux control. However, 
the procedure can result in continuance of symp- 
toms, particularly dysphagia, which presents consid- 
erable diagnostic difficulty. Experience gained in the 
management of 17 patients with continued recurrent 
symptoms following standard Nissen repair has 
allowed more specific definition of the nature of 
these problems. The anatomical defect has been 
categorized as follows: (1) tight repair (tight fun- 
doplication or tight diaphragmatic repair); (2) ana- 
tomical recurrence with and without reflux; and (3) 
intussusception recurrence. 

Each patient has been evaluated by history, man- 
ometry, pH reflux, acid perfusion, radiology, and 
endoscopy. At the time of corrective operation, the 
previous repair was carefully dissected to allow con- 
firmation of the type of defect. Correlation is made 
between symptoms, investigative findings, and the 
anatomical problem at operation. 


Many operations have been designed for reflux 
control. However with each procedure, there is 
a significant incidence of anatomical recur- 
rence. With most operative designs, when re- 
currence takes place, reflux occurs again and is 
responsible for recurrence of symptoms [3, 15]. 

The Nissen fundoplication totally wraps the 
lower esophagus with fundus of the stomach 
[3, 6, 13]. This unique operative design is 
the most effective method of reflux control. To- 
tal fundoplication effectively controls reflux 
whether the high-pressure zone is below or 
above the diaphragm [2, 9, 16]. Because of its 
effectiveness in reflux control, the operation has 
gained considerable popularity. There are spe- 
cific problems with the Nissen fundoplication 
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that can result in severe symptoms [1, 4, 5, 10], 
but because of diagnostic difficulties, particu- 
larly with radiological display of the defect, 
they often remain unrecognized. 

In the present study, patients with a Nissen 
fundoplication had symptoms either immedi- 
ately following operation or at a variable inter- 
val after effective reflux control. From the re- 
sults of the preoperative and intraoperative 
investigation it is possible to more clearly de- 
fine the mechanisms involved, categorize the 
anatomical defects, and correlate the operative 
findings with the preoperative investigations. 


Materials and Methods 
Seventeen patients, 5 men and 12 women with 
an average age of 47.6 years (range, 26 to 71 
years), were investigated and operated on for 
continued or recurrent symptoms following a 
standard Nissen fundoplication. All patients 
were evaluated by history, radiology, manom- 
etry, acid perfusion, and endoscopy prior to 
operation. At the time of operation, the previ- 
ous hiatal hernia repair was carefully dissected 
free to establish the nature of the anatomical 
defect. | 

History was obtained using a prepared for- 
mat, which allowed documentation of past op- 
erations, symptom relief, recurrence of pain, its 
distribution, and the various precipitating and 
relieving factors. Reflux, night aspiration, 
eructation, hiccup, water brash, nausea, vom- 
iting, and dysphagia were also evaluated. 

Manometry was carried out using fine-bore 
polyethylene catheters with side openings and 
with constant water infusion from a modified 
Harvard pump. Manometric data were recorded 
using an ultraviolet Honeywell 1508 Visicorder. 
The pH reflux studies and an acid perfusion 
study were obtained during manometry using a 
Beckman probe. Reflux was tested by the in- 
stallation of decinormal hydrochloric acid into 
the stomach and recording the pH, 5 cm above 
the high-pressure zone. 
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All patients had esophagogastroduodenos- 
copy and, when indicated, a 60F Maloney bou- 
gie was passed at the completion of this in- 
vestigation for esophageal dilatation. 

Barium esophagograms, including water 
siphon investigation for reflux, were obtained 
on all patients. A barium sandwich was used to 
identify obstruction by solids when necessary. 

Following completion of the investigation 
and after careful intraoperative evaluation, the 
patients were classified as follows: a tight repair 
(tight fundoplication or tight diaphragmatic re- 
pair), anatomical recurrence, or intussusception 
recurrence. The investigative and operative 
findings are described using these diagnostic 
categories. 


Results 
Tight Repair 
HISTORY. In the 6 patients with a tight repair 


(Fig 1), dysphagia was present immediately 
after operation and persisted without signifi- 
cant change. The dysphagia involved both lig- 
uids and solids and occurred with each meal 
in all patients. In 4 patients it was associated 
with intermittent regurgitation of material that 
tasted like food. Dysphagia was the dominant 
symptom. . 
Heartburn, present before the original oper- 
ation, was eliminated in all patients, although 
some retrosternal pain was present and was as- 
sociated. with food sticking. None of these pa- 
tients had symptomatic reflux to the throat. 
. All patients complained of an inability to 
eructate. Nausea was intermittently present in 3 
patients, but there was no associated vomiting. 


Fig 1. Tight diaphragmatic crural repair. A Nissen fun- 
doplication that is either too tight or too long, acts as a 
barrier to the descent of the food bolus. 


| 






— Tight Diaphragm 


—- TOO Long 
777 Too Tight 
Fundoplication 


One patient was able to retch, but could not 
vomit. None of the others described attempted 
vomiting. 

Weight loss averaged 5.45 kg (range, 4.54 to 
22.68 kg, and was present in 4 of the 6 patients. 

RADIOLOGY. In each patient, radiology 
showed no evidence of hernia recurrence and 
no reflux. For each patient, previous radiologi- 
cal studies had been reported as normal. When 
a barium sandwich was swallowed, it was pos- 
sible to demonstrate obstruction at the gas- 
troesophageal junction. 

MANCMETRY AND ACID PERFUSION. Mano- 
metricaly, the tone of the high pressure zone 
averaged 17.3 cm H:O (range, 14 to 22 cm H30). 
Disordered motor activity in the lower half of 
the escphagus averaged 34.3% (range, 6 to 
50%). 

Acid perfusion studies were done on all pa- 
tients, and in 4, pain was reproduced similar to 
that occurring with food obstruction. There was 
no demonstrable reflux. 

ENDOSCOPY. For endoscopy, the high- 
pressu-e zone was considered to be below the 
diaphragm. The endoscope passed into the 
stomach without recognizable resistance. There 
was nc evidence of reflux and, in particular, no 
ulceration of the esophagus. A 60F bougie 
was passed without resistance in all patients. 
Although some transient improvement was 
presert following bougienage, no patient had 
major relief and the improvement lasted a 
maximum of three days. 

OPERATION. A thoracoabdominal approach 
was used for surgical repair. The esophagus 
was mobilized above and below the dia- 
phragm. In 4 patients it was possible to demon- 
strate a tight fundoplication and in 2 patients, a 
tight diaphragmatic repair. In both of these pa- 
tients, there was evidence of reaction to the 
suture material. This reaction consisted of 
granulation tissue and local small sterile ab- 
scess2s around the material. This could be su- 
ture reaction or the end result of a local fistula. 
Re-repair in 5 patients was by total fundopli- 
cation gastroplasty [7, 8, 12] (Fig 2) and in 1, 
by partial fundoplication gastroplasty [11]. 

A thoracoabdominal incision, allowing dis- 
section above and below the diaphragm, is 
used routinely in patients with a recurrent 
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Fig 2. Total fundoplication gastroplasty. (A) The in- 
trathoracic esophagus and fundus are mobilized and the 
crurae are approximated with interrupted sutures. A 
60F bougie is passed, and a gastroplasty tube is cut from 
the lesser curvature of the stomach. The tube and fun- 
dus are closed. (B) The fundus is fixed to the 5 cm gas- 
troplasty tube and the distal 2 cm of the esophagus. The 
total length of the fundoplication is 21k cm at comple- 
tion of the procedure. 


hiatal hernia. Once the intrathoracic esophagus 
and fundus of the stomach are mobilized, the 
crurae are approximated with interrupted No. 1 
silk sutures. A 60F bougie is passed and a gas- 
troplasty tube, 5 cm in length, is cut from the 
lesser curvature of the stomach. The tube and 
fundus are closed with 00 chromic and 000 silk 
suture. The 60F bougie is passed again to en- 
sure that no tightness has been produced in the 
gastroplasty tube. 

Following preparation of the gastroplasty 
tube, the fundus of the stomach is passed pos- 
terior to the tube and lower esophagus. Inter- 
rupted mattress 00 silk sutures are placed, fix- 
ing the fundus to the 5 cm gastroplasty tube and 
to the distal 2 cm of esophagus. The fundus is 
passed forward and sutured to give a total fun- 









y 
4 


doplication. Completion of the fundoplication 
provides a total length of 3 cm. 

Follow-up is complete in all patients and in- 
cludes clinical and radiological evaluation. 
Average follow-up is 31 months (range, 3 to 72 
months). Five patients are asymptomatic, and 1 
has residual epigastric fullness well controlled 
with metachlopramide. 


2 me 


Anatomical Recurrence 

HISTORY. All 6 patients had a satisfactory re- 
sponse to the standard Nissen fundoplication 
with resolution of prior reflux symptoms. Re- 
current symptoms developed at variable inter- 
vals, 6 months to three years following opera- 
tion (Fig 3). 

Epigastric and retrosternal burning discom- 
fort recurred in all patients, and in 2 patients 
was referred to the middle of the back. Reflux to 
the throat was present in 4 of the 6 patients 
(absent in the 2 patients with no radiological 
reflux). Nausea was present in 3 patients, in- 
termittent vomiting in 1 and eructation in 3. 

Intermittent dysphagia was present in all 6 
patients. It involved solids in 6 and liquids in 1, 
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Fig 3. Anatomical recurrence with a standard Nissen 
operation. If the fundoplication remains intact, reflux 
may be controlled; if the fundoplication breaks down, 
reflux is likely to occur. 


and regurgitation occurred occasionally in 3. 
The dysphagia was never severe. Weight loss 
averaged 2.38 kg (range, 0 to 9.98 kg) and was 
present in 3 of the 6 patients. 

RADIOLOGY. There was radiological evi- 
dence of recurrence of an anatomical hernia in 
all 6 patients. In 4, radiological reflux was pres- 
ent, and in 2 there was no evidence of reflux 
using the water siphon test. 

MANOMETRY AND ACID PERFUSION. The aver- 
age tone of the high-pressure zone was 11.7 cm 
H5O (range, 9 to 19 cm H:O). Disordered motor 
activity in the lower part of the esophagus aver- 
aged 40.796 (range, 5 to 10096). 

Acid perfusion reproduced typical heartburn 
ín all patients, and reflux was demonstrated in 
4. These were the same 4 patients who had re- 
flux on radiological examination. 

ENDOSCOPY. One patient had a gastric 
phytobezoar from pyloric obstruction. The re- 
maining patients had chronic stage I epithelial 
changes with no ulceration of the esophagus. 

OPERATION. Each patient was treated surgi- 
cally by a thoracoabdominal total fundoplica- 
tion gastroplasty because of intractable symp- 
toms. Follow-up averaged/22.3 months (range, 
10 to 32 months). All patients were ‘evalu- 
ated. by history and radiology. Four patients 
are asymptomatic, 1 has persistent moderate 


wound pain, and 2 have minor epigastric pain 
related to bile gastritis from a previous radical 
Billroth II gastrectomy. In none of these patients 
are the residual symptoms severe. 


Intussusception Recurrence 

This form of recurrence is defined as migration 
of the stomach through an intact fundoplication 
(Fig 4) [14]. As it migrates, because of the bulk 
of the stomach wall, the lumen of the migrating 
stomach is progressively narrowed, producing 
obstruction. Symptomatically and radiologi- 
cally intussusception recurrence is difficult to 
separate from a tight repair; however, the in- 
tussusception usually occurs at some time after 
the primary operation and is rarely an immedi- 
ate postoperative symptom. 

HISTORY. Five patients with intussusception 
recurrence were studied. Three had epigastric 
and retrosternal pain. In 1 of them, the pain was 
referred to the back. Pain occurred only when 
food stuck. There was no described reflux in 3 
patients, but 2 had very occasional recognizable 
reflux to the throat. Only 2 of these patients 
could burp. Three had nausea, none vomited, 
and 1 described an inability to vomit. 

Dysphagia was the dominant symptom in all 
patients and occurred with liquids and solids 
in3, with only solids in 1, and with only liquids 
in 1. Regurgitation of material tasting like food 
occurred in 4. The dysphagia was severe and 
was experienced with each meal. 

Four of the 5 patients lost weight, average 
10.94 kg (range, 4.08 to 19.05 kg). | 

RADIOLOGY. In all patients, the results of 
radiological examination were described as 
normal, with no evidence of recurrence or re- 


Fig 4. Standard Nissen intussusception recurrence. 
(HPZ = high-pressure zone.) 


Fundoplication 
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flux. When solids were added to the barium 
swallow, obstruction was noted. 

MANOMETRY AND ACID PERFUSION. All pa- 
tients underwent esophageal manometry, acid 
perfusion, and pH reflux studies’ preopera- 
tively. The tone of the high-pressure zone aver- 
aged 15.3 cm H:O (range, 8 to 27 cm H:O). 
Lower esophageal disordered motor activity 
averaged 31% (range, 22 to 50%). 

Acid perfusion studies were positive in 4 out 
of 5 patients and produced epigastric and ret- 
rosternal pain. There was no evidence of re- 
flux. 

ENDOSCOPY. Although endoscopy showed 
no evidence of reflux, gastric mucosa was seen 
pouting into the thorax above the point of ana- 
tomical competence in 2 patients. In 1 of these 
patients, who underwent endoscopy three 
times in 6 months, the mucosa was noted to 
progressively migrate proximally above the 
point of reflux competence. 

Bougienage with a 60F produced no im- 
provement or minor and transient (less than 
three days) improvement in the dysphagia 
symptoms. 

OPERATION. All patients were treated by a 
thoracoabdominal total fundoplication gas- 
troplasty. The intussusception defect was con- 
firmed at the time of operation. Follow-up 
averaged 18.8 months (range, 5 to 31 months). 
All patients have been followed by history and 
radiology; 4 are symptom-free and none show 
evidence of radiological recurrence or reflux. 
One patient has residual minor dysphagia, but 
is much improved since operation. 


Comment 
In any patient with continuing or recurrent 
symptoms following hiatal hernia repair, it is 


necessary to establish the correctness of the, 


original diagnosis, to confirm that. a marked 
problem is present, and, when possible, to accu- 
rately define the nature of the disorder. 

Evaluation of patients following the standard 
Nissen repair is complicated by the fact that the 
radiological examination may be considered 
normal. Then, in the absence of positive find- 
ings, such patients might be considered func- 
tional and treated inappropriately. 

Anatomical recurrence is more readily recog- 


nizable because reflux symptoms occur and a 
radiological abnormality is present. Manometry 
is important to exclude previously misdiag- 
nosed motor disorders and endoscopy, to eval- 
uate reflux damage, and to exclude gastric or 
duodenal disease and malignancy. 

Intussusception recurrence or a tight repair 
are more difficult to evaluate and correctly 


" diagnose. As a result, misdiagnosis is common 


and there is a delay in treatment. History is 
important in differentiating between these two 
categories. With a tight repair, although reflux 
symptoms are corrected, there is immediate 
and unremitting dysphagia as soon as the pa- 
üent returns to a normal diet. With intussus- 
ception recurrence, the symptoms are similar, 
but the onset of dysphagia is delayed. 

Unless solids are added to the radiological 
examination to demonstrate obstruction, the 
investigation may be considered normal. En- 
doscopy often is considered normal because a 
mechanical obstruction is not recognized. 
Bougienage to 60F may give temporary relief, 
but the symptoms usually return within two to . 
three days. Occasionally, endoscopically, gas- 
tric mucosa can be seen above the point of 
competence, and this is helpful in recognizing 
the presence of intussusception. 

Manometry is important to exclude primary 
motor disorders and can demonstrate a high- 
tone sphincter. In general, these changes are 
not sufficiently specific to confirm the diag- 
nosis. 

In patients with a tight repair or with intus- 
susception recurrence, the symptoms of dys- 
phagia may be the most positive findings. They 
can be confirmed by radiologically demon- 
strating obstruction to solids. Manometry and 
endoscopy are mandatory to exclude other dis- 
eases. A history of dysphagia and the. presence 
of radiological obstruction confirm the pres- 
ence of either of these disorders; however, 
the delayed onset of symptoms with intussus- 
ception must be recognized to: ‘make this diag- 
nosis. | 

Operative marne of EENEN recur- 
rence after a Nissen repair is necessary when 
vigorous conservative treatment fails. With in- 
tussusception recurrence or a tight repair, con- 
servative treatment is ineffective and if the 
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dysphagia is severe, surgical repair is neces- 
sary. Bougienage gives only transient relief 
since it simply stretches healthy muscle which 
then returns to its normal resting tone. 

With anatomical recurrence, symptoms can 
be corrected by re-repair provided the initial 
diagnosis is correct and evaluation has ex- 
cluded other disease involvement. Similarly, 
_ with tight repair or intussusception recurrence, 
if the previous operation is dissected and fully 
mobilized, then repair by any standard method 
will successfully relieve the symptoms. 

Because of the high incidence of further re- 
currence, a total fundoplication gastroplasty 
(Collis-Nissen or total fundoplication gastro- 


plasty) was chosen as the method of choice. The . 


thoracoabdominal incision allows careful dis- 
section under direct vision of both the intra- 
thoracic esophagus and the subdiaphragmatic 
fundoplication. Using this approach, damage 
to the muscle wall or devascularization of 
the stomach is minimized. In the present group 
of patients there were no notable postoperative 
complications. 

The combination of gastroplasty with total 
fundoplication was used because it minimizes 
the risk of further reflux and almost eliminates 
the risk of further recurrence. In my present ex- 
perience with 400 consecutive patients under- 
going total fundoplication gastroplasty, 
mortality is 0, anatomical recurrence is 0.2596, 
and continued reflux is 0 with a follow-up of 6 
months to four years. 

Using this operative approach has produced 
satisfactory results in the present study. 
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Discussion 

DR. F. HENRY ELLIS, JR. (Boston, MÀ): The introduc- 
tion of any new operative procedure is usually 
greeted with great enthusiasm and is widely applied, 
often to conditions that are inappropriate. A number 
of years must pass before it becomes apparent that 
there are problems associated with the new proce- 
dure and a period of reevaluation takes place. It is 
essential, therefore, that we analyze from time to 
time potential shortcomings of new procedures. That 
is what Dr. Henderson has done, and I think he is to 
be commended. I would like to discuss some of my 
experiences with these problems and to ask a few 
questions. 

I have seen 19 patients who had problems after a 
Nissen procedure. Only a few of them had been op- 
erated on by me. I have categorized these problems 
somewhat differently than Dr. Henderson. Dys- 
phagia was the most common, occurring in 11 pa- 
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tients. Another common underlying feature was 
esophageal aperistalsis, which was present in 5 pa- 
tients with either achalasia or scleroderma. This 
reemphasizes something that I have mentioned be- 
fore, namely, that an antireflux procedure, particu- 
larly of the total wrap variety, is inappropriate when 
there is no peristalsis. Dysphagia developed in 6 
other patients immediately after operation. 

Four patients had reflux postoperatively, 1 as late as 
four years after operation, because the sutures pulled 
out of the total wrap. I have not been concerned 
about anatomical recurrences if there is competence, 
and I would like to ask Dr. Henderson why reopera- 
tion is required for an anatomical recurrence of a 
hernia if there is gastroesophageal competence. The 
only postoperative hernia that I consider hazardous 
is a paraesophageal hernia. It occurred twice in my 
series and can lead to obstruction and incarceration. 

Two patients had a “gas bloat” syndrome. I re- 
viewed the manometry of these 2 patients and of the 
6 who experienced immediate postoperative dys- 
phagia, because I thought, as Dr. Henderson did, 


. that perhaps the wrap was too tight or that the length 


of the wrap was excessive. The level of pressure at 
the high-pressure zone in these 12 patients averaged 
18 mm Hg, which is the same as in our patients with 
a successful Nissen procedure; and the length of the 
wrap was not excessive, being between 3 and 4 cm, 
which was also the length in the patients with a suc- 
cessful operation. 

Dr. Henderson said that the length of the wrap was 
important, yet he didn't show any manometric evi- 
dence that his patients with dysphagia had an exces- 
sively long wrap. I would like to ask him how long 
the high-pressure zone was in those patients in 
whom dysphagia developed. 


DR. NICHOLAS J. DEMOS (Short Hills, NJ): I have al- 
ways learned something from the in-depth presenta- 
tions of Dr. Henderson and from his excellent book 
on esophageal physiology. I have learned also from 
Dr. Ellis. 

I would like to urge use of the uncut gastroplasty, 
as Dr. Spencer Payne recently called the procedure. 
In this operation, the stomach is stapled during the 
gastroplasty, not cut. Because of the anatomical con- 
tinuity of the plicated stomach and the plicated fun- 
dic segment, there is no recurrence from intussus- 
ception. The gastroplasty can be done lower down in 
the fundus if there is a short esophagus and, there- 
fore, the plicated segment can be transfixed easily 
under the diaphragm. No sutures are taken on the 


esophagus at all; therefore, they subsequently cannot 
be pulled out and lead to recurrence or fistula. 

We have performed the uncut gastroplasty on more 
than 64 patients in the last seven years. There has 
been no anatomical recurrence and no mortality. 


' Three patients have mild dysphagia. The more recent 


experience of Dr. Payne and Dr. John Evangelist en- 


. force our trust in our procedure. 


DR. HENDERSON: I would like to thank Drs. Ellis and 
Demos for their comments. Dr. Ellis made some ex- 
cellent points, and we seem to be mostly in agree- 
ment. His first question was why one should operate 
if the recurrence is present and competent. In 
constructing this paper, I included patients who 
were treated only surgically and did not include pa- 
tients seen with recurrence after a Nissen repair who 
were not treated surgically. The 2 patients with com- 
petence who required operation were 2 out of a 
group of several with competence who had minor or 
no symptoms. These 2 had nausea and vomiting as 
dominant symptoms, which were related to the ana- 
tomical recurrence. I would agree with Dr. Ellis that 
most patients with a competent, total recurrence after 
a Nissen fundoplication do, in fact, have a satisfac- 
tory result and do not require re-repair. 

I agree entirely that if there is scleroderma or some 
other reason for a very low pressure profile in the 
body of the esophagus, the Nissen fundoplication 
should be very much modified; otherwise, excess 
dysphagia would be produced. 

The length of the fundoplication in patients with 
dysphagia was demonstrated primarily at the time of 
operation, and each was carefully taken down and 
measured anatomically. We can take those measure- 
ments back to our manometric traces and compare 
them. The critical length was around 4 cm, and 
fundoplication above this length seems to produce a 


degree of dysphagia that is unacceptable. 


I would like to thank Dr. Demos for his comments. 
There is controversy as to whether to use a cut or 
uncut total fundoplication tube at the time of gas- 
troplasty, and of course this is important. I am very 
aware of this controversy and know that others, in- 
cluding Dr. Payne, are using the uncut method. I 
have no particular problem with the cutting of gas- 
troplasty tubes. It takes very little extra time and does 
not add morbidity. There are published reports of 
breakdown of uncut tubes with recurrence of reflux, 
and I believe this should be avoided if possible. For 
this reason and because I believe that the fundopli- 


cation with a cut tube is superior, I have cut and will 


continue to cut the tubes. 
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Primary Osteogenic Sarcoma of the Heart 
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ABSTRACT The clinical course of a 17-year-old 
boy with primary osteogenic sarcoma of the left 
atrium with partial obstruction of the mitral valve 
and the right pulmonary veins is described. After 
operative removal of the tumor, echocardiography 
documented its rapid recurrence. Despite two sub- 
sequent open-heart operations and adjuvant che- 
motherapy and radiotherapy, the patient died 
twenty-one months after the initial symptoms. Pre- 
vious reports of such tumors are reviewed, and tech- 
nical difficulties of removal are discussed. 


Primary malignant tumor of the heart is ex- 
tremely rare, and up to 1967, only 205 cases had 
been reported [18]. Boneti, in 1700, and Mor- 
gagni, in 1762, were among the first to report on 
primary tumors of the heart [24]. Perlstein [15], 
Goldstein [4], Morris [11], Mahaim [8], Whor- 
on [25], Yater [26], and Pritchard [16] presented 
excellent reviews of the subject and designated 
primary osteogenic sarcoma of the heart as one 
of the rarest tumors. This report documents a 
case of primary osteogenic sarcoma of the heart 
and reviews all previously reported cases of this 
unusual tumor. 


A 17-year-old boy, who had been in excellent 
health, was admitted to the Miriam Hospital 
on January 14, 1975, with a two-week history of 
increasing shortness of breath, nonproductive 
cough, and fever and chills. The pertinent 
physical findings were as follows: blood: pres- 
sure, 80/40 mm Hg; pulse rate, 130 beats, per 
minute; respiration, 25 breaths per minute; and 
temperature, 38°C. The heart was enlarged to 
ae a but there was no palpable thrill. The 
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first hzart sound was accentuated and the sec- 
ond heart sound was narrowly split. There was a 
grade 3/6 holosystolic murmur heard best in the 
third and fourth intercostal spaces and the 
midclavicular line, without radiation. The ab- 
domer was soft and the liver was palpable 2 cm 
below the right costal margin. 

Pertinent laboratory studies included hemo- 
globin of 12.9 gm per deciliter and white blood 
cell count of 12,500 cells/mm? with a differential 
of 82 »olymorphonuclear leukocytes, 7 band 
forms, and 10 lymphocytes. One-hour erythro- 
cyte sedimentation rate was 33 mm. Serum al- 
kaline phosphatase was 256 IU (normal, 32 to 
85), and lactic dehydrogenase was 299 IU (nor- 
mal, 9C to 71). 

Chest roentgenogram on admission revealed 
generalized cardiac enlargement and bilateral 
pulmorary congestion. The electrocardiogram 
showec right axis deviation, complete right 
bundle-branch block, and nonspecific S-T 
segment and T wave abnormalities. Serial lung 
scans saowed a persistent large perfusion de- 
fect in ihe right lung. Cardiac ultrasonography 
revealed redundant echoes between the mitral 
valve leaflets, with a decreased E to F slope in 
the mit-al valve. In addition, there was exag- 
gerated movement of the left atrial wall sug- 


gesting mitral insufficiency (Fig 1). 


Cardiac catheterization performed on January 
31, 1975, revealed a pulmonary artery pressure 
of 1C0/35 mm Hg, pulmonary capillary mean 
wedge pressure of 35 mm Hg, and left ven- 
tricular 2nd-diastolic pressure of 2 mm Hg. The 
left veniriculogram revealed only mild mitral 
insufficiency, with an asymmetrical jet. 

Open-heart operation with the aid of a bub- 
ble oxygenator and moderate hypothermia was 
perform2d on February 17, 1975. The heart was 
markedly enlarged, with dilatation and, hy- 
pertrophy of the right ventricle, right atrium; 
and pulmonary artery. A hard mass was pal- 
pated through the base of the left atrium. The . 
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Fig 1. Echocardiogram showing the left atrium (LA) 
filled with dense echoes. The tumor mass (T) projects 
into the left ventricle (LV) during diastole. On the right 
side, only the most anterior echoes from the tumor mass 
are visible. This simulates the motion of the posterior 
mitral leaflet as seen in mitral stenosis, except for the 
early clear space in diastole (arrow). (AML = anterior 
mitral leaflet; IVS = interventricular septum.) 





Fig 2. Tumor mass that was occupying the left atrium 
and was removed during the first open-heart surgical 
procedure. 


left atrium was incised and a large, white, 
dumbbell-shaped, hard, cartilaginous mass was 
found (Fig 2). It occupied almost the entire 
left atrium, arising from its posterior wall and 
projecting into the right pulmonary veins. The 
single base of the tumor was approximately 3.5 
by 6 cm in diameter. The entire tumor and 0.5 
to 1 cm of the adjoining endocardium were re- 
moved. 





tend 


The patient had an uncomplicated post- 
operative course, and he was discharged from 
the hospital, totally asymptomatic, on the tenth 
postoperative day. He remained asymptomatic 
during the first four months following the oper- 
ation. Five months after the procedure, he ex- 
perienced minimal dyspnea on exertion, and 
despite a normal physical examination, the 
echocardiogram appeared similar to the pre- 
operative tracing. 

In July, 1975, the patient was transferred to 
the National Heart, Lung, and Blood Institute 
for further evaluation. His condition rapidly 
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deteriorated, culminating in a respiratory arrest 
on the fourth hospital day. He was resuscitated 
and taken immediately to the operating room. 
A discrete, firm, 4 by 6 by 2.5 cm mass was 
found in the retroxiphoid space. The mass was 
thought to be metastatic and was removed 
without difficulty. Another mass measuring 4 
by 5 by 5 cm, which extended into the right 
superior pulmonary vein and the left atrium 
from a stalk attached to the left atrial suture line 
of the first operation, was found. This mass also 
was excised, and the previous left atrial suture 
line and left atrium between the right superior 
and inferior pulmonary veins were removed. 
The defect was closed with a pericardial patch. 
The patient progressed satisfactorily and was 
discharged without signs or symptoms of heart 
failure on the twentieth postoperative day. 
Adjuvant chemotherapy (Adriamycin [doxoru- 
bicin hydrochloride] and methotrexate with 
Leucovorin [folinic acid] rescue) combined with 
cobalt radiotherapy (5,200 rads) to the medias- 
tinum and left chest was started on August 14, 
1975. 

During the next few months, the patient 
gradually had to limit his physical activities 
and spent most of the time at home resting. 
Echocardiography on August 19, 1976, showed 
reappearance of echoes from the left atrial cav- 
ity. He was referred to Stanford University 
Hospital for consideration for heart transplan- 
tation. On September 20, 1976, thoracotomy 
and open-heart operation were performed, 
which revealed extensive edema and fibrosis 
around the entire mediastinum and heart. A 
hard mass 9 by 7 by 5 cm, located in the 
epigastrium near the falciform ligament, was 
excised. A second firm 15 cm mass arising from 
the interatrial septum, involving the right side 
of the left atrium and hilum of the right lung, 
was also found. Right pneumonectomy, bilat- 
eral hemiatriectomy, and placement of a large 
pericardial patch in portions of both atrial walls 
were done. The patient’s condition remained 
poor in the postoperative period, and he was 
comatose with peripheral spasticity throughout 
the remainder of his hospital course. His con- 
dition gradually deteriorated, and he died on 
the seventeenth postoperative day. 


Pathologrcal Findings 
The total specimen from the first operation 
weighed 83.5 gm. The tumor was firm, 
grayish-white, and cartilaginous, with many 
smooth multinodular, rounded surfaces. The 
tumor had a gritty consistency when cut and 
showed a few isolated clusters of small cysts 
in an otherwise dense, tannish-white tissue 
stroma. On frozen section, the tumor tissue was 
reported to be probable osteogenic sarcoma. 
Permanent microscopic examination showed 
proliferated, mostly fusiform, cells, often form- 
ing interlacing bundles. However, there were 
also foci of osteogenesis. These included 
osteocartilaginous areas as well as calcifying 
osteoid (Fig 3). Collagen was most evident in 
the less cellular areas. Some portions of the 
tumor showed markedly irregular bony tra- 
beculae among proliferating neoplastic cells, 
with as many as two mitoses per high-power 
field. Cellularity varied, and the more cellular 
areas usually had greater pleomorphism and 
more mitotic activity (Fig 4). Occasionally, 


Fig 3. Osteogenic sarcoma showing atypical bone 
trabeculae in viable and necrotic areas of the tumor. 
(H&E; original magnification X57.) 
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Fig 4. Pleomorphic portion of the tumor showing os- 
teoid, bony, and cartilaginous areas. (H&E; original 
magnification X216.) 


giant tumor cells with ten to twenty-five nuclei 
were seen. Some areas showed patchy necrosis, 
which included bony tissue and stroma. Several 
cysts without distinctive lining were noted, 
mainly in the viable cellular regions but also in 
the necrotic areas. Rarely, a myxomatous area 
was identified either around a cyst or at the 
surface of the tumor. No so-called lepidic cells 
could be identified. 

The total specimens from the second opera- 
tion weighed 70 gm. The largest tissue speci- 
men removed from the left atrium was firm, 
grayish-white, and measured 5.5 by 4.0 by 3.5 
cm. It included a cyst 2 cm in diameter filled 
with clotted blood. Adjacent to this area was 
more tumor, which was solid and gritty, with a 
few yellowish-tan cystic spaces. The histology 
of this tumor, including tumor removed from 
the retroxiphoid area, was similar to that of the 
first operation. In some areas, the tumor had a 
looser texture with a more edematous myxoid 
appearance, but the sarcomatous stroma with 
osteoid and osteocartilaginous areas was main- 
tained. Benign skeletal muscle and fibro- 





elastic tissue were entrapped in portions of 
the tumor mass. 

Histological examination of tissue removed at 
the third operation (including tissue from the 
right lung, both atria, and the epigastric area) 
revealed osteosarcoma. Neither gross nor mi- 
croscopic postmortem examination revealed any 
additional residual tumor, distant metastases, 
or primary osteogenic sarcoma. 

The pleomorphism, mitotic activity, cellular- 
ity, invasiveness, and rapidity of recurrence 
leave no doubt as to the malignant nature of the 
tumor. The components, which included fi- 
brosarcoma, atypical cartilage, osteoid, and 
bone, clearly support a diagnosis of osteosar- 
coma. The small foci of myxomatous change 
(mainly on the surface of the original tumor and 
the recurrent mass) were considered degenera- 
tive and secondary rather than a primary myx- 
oma with secondary chondro-osseous meta- 
plasia. There were no other unrelated malignant 
elements that might place this tumor in the cat- 
egory of malignant mesenchyma despite careful 
examination of many sections. 

In the absence of any evidence of a primary 
skeletal site, we consider this tumor to be of 
extraskeletal origin, most likely from the left 
atrial wall where it was originally found. 


Comment 

Primary benign and malignant cardiac tumors 
are rare, and the reported incidence varies 
greatly. In patients examined postmortem 
Shelburne [17] reported a prevalence of 0.2596 
among 1,200 and Lymburner [7] reported an in- 
cidence of 0.05% among 8,550. From a total of 
480, 331 patients examined postmortem, Straus 
and Merliss [23] estimated an incidence of pri- 
mary cardiac tumors of only 0.001796. Yater 
[26], Mahaim [8], and Pritchard [16] estimated 
that 17.8 to 26% of primary cardiac tumors are 
malignant. The ages of the patients reported in 
the literature range widely—from 3 days to 79 
years [25, 26]. 

Unfortunately, primary malignant tumors of 
the heart are rarely recognized before opera- 
tion. Small tumors, since they often cause 
no hemodynamic abnormality, are usually 
asymptomatic. Findings suggestive of mitral 
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Table 1. Primary Mesenchymoma of the Heart 





Year 
First Age Histological Survival 
Author Seen Sex (yr) Site of Origin Metastasis Type (mo) 
Hagstrom [5] 1961 F 59 Pulmonary valve, Lung Fibrosarcoma; os- 43 
interventricular teosarcoma; chon- 
septum drosarcoma; rhab- 
dosarcoma 
Stemmermann 1965 F 26 Left atrium None Liposarcoma; fibrosar- 48 
[20] coma; osteosarcoma; 
chondrosarcoma 
Muir and Seah 1966 F 50 Mitral valve None Fibrosarcoma; chon- 8 
[12] drosarcoma; an- 
giosarcoma 
Nagamine [13] 1974 F 34 Atrial septum Lung Fibrosarcoma; chon- 4 


drosarcoma; rhab- 
domyosarcoma; os- 
teosarcoma 


C—O 


and tricuspid stenosis may be seen when the 
tumor is larger than the diameter of the atrio- 
ventricular valve. 

There are no unique electrocardiographic 
changes [3]. Persistent sinus tachycardia, atrial 
fibrillation or flutter, isolated or repeated ex- 
trasystoles, and nodal rhythm have been ob- 
served [3]. Routine roentgenographic exami- 
nation is usually not helpful but occasionally 
pulmonary congestion, an enlarged cardiac 
silhouette, or a large left atrium is noted. 
Echocardiography and complete pulmonary 
and cardiac angiography are the most useful 
aids for establishing the diagnosis [1, 3, 14]. 
When recurrence of the tumor was suspected 
in the present patient, serial echocardiography 
appeared to be the most useful tool for follow- 
ing it. These tumors often involve the septum, 
and even if removed radically, the spread of 
malignant cells into the systemic circulation is 
difficult to prevent. Despite their sluggish 
growth, all malignant cardiac tumors have 
uniformly been fatal [8, 11, 25, 26]. 

Because of its poor differentiation and varia- 
tion in diagnostic criteria, the exact classifica- 
tion of cardiac sarcoma has been confusing 
and rather difficult. This situation is best ex- 
emplified by Whorton’s [25] review of 100 re- 
ported primary malignant tumors of the heart. 
Forty-one were designated spindle cell neo- 


plasm, including fibrosarcoma, myxosarcoma, 
fibromyxosarcoma, and leiomyosarcoma, and 
23 were a variety of round cell tumors, such as 
lymphosarcoma and reticulum cell sarcoma. 
The remainder were a varied group including 
malignant mesenchymoma and osteogenic 
sarcoma. 

In 1948, Stout [22] used the term mesen- 
chymoma to describe tumors in which two or 
more elements of mesenchymal derivation 
amalgamate into a single mass. To date, 4 pa- 
tients with malignant mesenchymoma of the 
heart have been reported in the English litera- 
ture (Table 1) [5, 12, 13, 20, 21]. In these 4 pa- 
tients, unrelated mesenchymal elements, such 
as liposarcoma, rhabdomyosarcoma, and an- 
giosarcoma, in addition to osteogenic sarcoma 
were observed. 

To date, only 4 patients (including the pres- 
ent one) with pure osteogenic sarcoma have 
been reported (Table 2) [2, 6, 10]; only 1 patient 
was diagnosed preoperatively [10]. The ten- 
dency for mesenchymal and fibrous tissue to 
undergo osseous and cartilaginous metaplasia 
is well documented [9]. It has been postulated 
that these growths arise from spindle cell or fi- 
brosarcomatous components at the base of the 
heart or possibly from overgrowth by the osse- 
ous component of a malignant mesenchymoma 
(9, 19]. 
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Table 2. Primary Osteogenic Sarcoma of the Heart 





Year 
First Age Survival 
Author Seen Sex (yr) Site of Origin Metastasis Operation (mo) 
McConnell [10] 1964 F 53 Pulmonary None Yes 27 
valve; right 
pulmonary 
artery; right 
ventricle 
Dorney [2] 1967 M 45 Atrial septum Past mediastinum No 4 
Lowry and 1972 M 29 Atrial septum Right lower extrem- No 6 
McKee [6] ity; lung; medias- 
tinum 
Yashar et al [this 1975 M 17 Atrial septum Anterior medias- Yes 21 


report] 


tinum; right 
hilum 





The present patient survived twenty-one 
months after the initial excision, and this report 
is the second concerning operative treatment of 
left atrial osteogenic sarcoma. Since postmor- 
tem examination of our patient revealed no evi- 
dence of distant metastasis, we must assume 
that local recurrence was due either to inade- 
quate excision or tumor seeding during the 
open-heart operation. We strongly recommend 
careful handling of the specimen during its re- 
moval and the focusing of special attention on 
obtaining adequate margin free from all tumor. 
The operative and chemotherapeutic treatment, 
combined with radiation therapy, are believed 
to have contributed to the twenty-one-month 
postoperative survival. 
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HOW TO DO IT 


A Technique of 


Myocardial Preservation Perfusion 


Roger A. Vertrees, B.A., Jackson Auvil, B.A., 
John H. Rousou, M.D., and Richard M. Engelman, M.D. 


ABSTRACT We present a technique for adminis- 
tering cold cardioplegia that permits the pump 
technician to conveniently give the fluid. The 
method is comparable to that used in providing 
coronary perfusion for aortic valve procedures be- 
cause it allows controlled volume flow and perfu- 
sion pressure. In addition, the technique is inher- 
ently safe from infusion of air bubbles. 


Ischemic arrest has become a necessary adjunct 
to most cardiac surgical procedures. Myocardial 
preservation with hypothermic cardioplegia 
and topical hypothermia has greatly reduced 
the incidence of intraoperative infarction. Our 
present method for administering cardioplegia 
evolved over the past two years. We use a Sarns 
roller pump and a system of tubing that allows 
cold cardioplegic solution to be delivered to the 
field at any desired flow and pressure without 
the risk of air emboli. 


Method 

The cardioplegic solution contains 700 ml of 
Ringer’s injection, 20 mEq of potassium chlo- 
ride, 35 mEq of sodium bicarbonate, 12 ml of 
D5;W, and 12.5 gm of salt-poor albumin made 
up to 1 liter with water. The solution is prepared 
the morning of the operation to be delivered 
cold to the operating room in four 1-liter bags. 
The solution, submerged in crushed ice and 
water, is attached to a Cobe Laboratories Rapid 
Prime line. This connects to 14 inch (6.4 mm) 
tubing, which passes through a Sarns coronary 
perfusion low speed pump head. The distal end 
of the tubing then attaches to a Sarns coronary 
perfusion reservoir, which acts as a pressure 
monitor and bubble trap. From the distal end of 
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the reservoir runs 316 inch (4.8 mm) tubing, 
which contains a 25-foot (7.62 m) coil (Cobe 
Laboratories Cardioplegic Administration Set) 
and terminates in a male connector on the 
sterile field (Fig 1). This connector fits into a 
Pharmaseal 10F oxygen catheter, which is in- 
serted into the ascending aorta through a mat- 
tress suture proximal to the aortic cross-clamp. 
The multiholed catheter functions as a route for 
cardioplegic infusion and as a vent for prevent- 
ing left ventricular dilatation during arrest. 

The 25-foot coil of 316 inch tubing rests in a 
cold water bath, containing crushed ice and 
water, maintaining perfusate temperature near 
4°C. Cold cardioplegic solution (300 to 600 ml) is 
infused into the coronary bed through the aor- 
tic root immediately after aortic cross-clamping. 
Infusion is repeated (200 to 400 ml) every 15 to 
30 minutes during the ischemia period. The 
average amount of solution given per bypass 
graft is 470 ml (e.g., a patient undergoing triple 
bypass would receive approximately 1,410 ml). 
In addition to hypothermic cardioplegia, topical 
hypothermia is employed by submerging the 
heart in 4°C normal saline solution every 15 to 
30 minutes. The combination of the two tech- 
niques routinely provides a myocardial tem- 
perature of 18° to 23°C. 

Cardioplegic infusion pressures of 50 to 80 
mm Hg are considered ideal for infusion of this 
asanguineous perfusate [5]. By measuring both 
the pressure generated in the coronary perfu- 
sion reservoir and the aortic root pressure, a 
pressure gradient (Fig 2) can be recorded. This 
gradient is used to be certain that aortic root 
pressure does not exceed 80 mm Hg. 


Comment 

A number of publications that describe the re- 
sults of cardioplegic arrest in clinical experience 
fail to discuss the technical methodology con- 
cerning administration [1, 3, 7]. Several articles 
that do present techniques of cardioplegic ad- 
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Fig 2. Graph, drawn from values recovered immediately 
after aortic cross-clamping, of the gradient between 
cardioplegic infusion pressure and true aortic root or 
coronary perfusion pressure. The gradient varies with 
the passage of time as coronary vasodilatation occurs. 


ministration show these methods as complex 
and not inherently attractive [2, 4, 8]. In 1978, 
Mitchell and Litwak [6] reviewed ten different 
institutional cardioplegic techniques in both 
the United States and Europe, and while all ap- 
pear simple to duplicate, none employs a sys- 
tem comparable to that described here. Our 
approach allows pressure injection of a cold 
perfusate, free from air bubbles, in a carefully 
controlled manner. The coronary perfusion res- 
ervoir serves to measure the infusion pressure 
and to act as a bubble trap to catch any air that 
might enter the system when the cardioplegic 


solution bags are switched (see Fig 1). The 
tubing coil sitting in a cold water bath (near 
0°C) cools the cardioplegic solution to near 4°C. 
The system has the distinct advantage of al- 
lowing control by the pump technician alone; 
no additional assistance is required. 

The use of a multiholed 10F oxygen catheter 
as an aortic infusor for the cardioplegic solution 
also provides a means of venting the heart 
during arrest. By manually compressing the left 
ventricle and opening the oxygen catheter to 
the atmosphere, any ventricular distention can 
be immediately eliminated. This maneuver can 
be repeated as often as necessary, preventing 
ventricular dilatation. Finally, on unclamping 
the aorta, the same catheter can serve as an aor- 
tic vent if such is deemed necessary. In our ex- 
perience, in the absence of ventricular venting, 
no air can enter the left-sided chambers and 
aortic venting is not routinely employed. 
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Left Ventricular Venting during Cardioplegic Arrest 


Richard M. Engelman, M.D., and John H. Rousou, M.D. 


ABSTRACT A technique is described for venting 
the left ventricle during ischemic arrest without can- 
nulation of the ventricle. This approach is ideally 
suited for coronary revascularization. 


The debate concerning left ventricular venting 
during coronary revascularization continues 
unabated [1-3]. Proponents believe that vent- 
ing during aortic occlusion prevents left ven- 
tricular distention and all its unfortunate 
sequelae, while opponents deny the necessity 
of venting and point out the inherent risks of 
air emboli. The argument against venting is 
moot if the left ventricular chamber can be 
emptied without catheterization of the ventricle 
and with negligible risk of air entrapment. The 
present approach was designed with that in 
mind. 


Method 

Upon initiation of cardiopulmonary bypass for 
coronary revascularization, a 10F oxygen ther- 
apy catheter is inserted into the aortic root 
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through a pursestring suture. The same catheter 
is used to insert potassium cardioplegic solu- 
tion to provide cardiac arrest upon aortic 
cross-clamping [4]. This catheter has eight 
1-mm holes extending 25 mm from the tip of the 
catheter. These multiple holes are used to allow 
evacuation of left ventricular blood. After the 
initial administration of cardioplegic solution 
has been completed, the left ventricle is force- 
fully compressed by the operating surgeon's 
hand while the catheter is withdrawn until sev- 
eral of the holes are brought outside the aorta, 
thereby expelling the retained left ventricular 
blood through the aortic root (Figure). Occa- 
sionally, some of the cardioplegic solution may 
enter the left ventricle through an incompetent 
aortic valve. This solution is expelled in the 
same manner. Careful attention is paid to pre- 
vent the entry of air into the aortic root by com- 
pressing the ventricle and reinserting the 
catheter into the aortic root while fluid is still 
running out of the catheter holes. This obviates 
the possibility of the aspiration of air into the 


A 10F catheter for venting and insertion of cardioplegic 
solution can be seen lying in the aortic root proximal to 
the aortic cross-clamp during ischemic arrest. A cross- 
section of the aortic wall demonstrates the technique 
used for evacuating the left ventricle during ischemic 
arrest. 
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aortic root as a result of a negative pressure ef- 
fect. 


Comment 

We have employed this technique in more than 
100 consecutive patients undergoing coronary 
revascularization. In 4 of the first 100 patients, 
the amount of coronary collateral flow or the 
degree of aortic incompetence required too fre- 
quent evacuation of left ventricular content by 
aortic catheter drainage, and direct venting of 
the chamber was necessary to complete the op- 
eration. In the remaining patients, however, 
this technique was entirely satisfactory and 
was, in fact, all that was required to prevent 
ventricular distention. Following aortic de- 
clamping, the heart of every patient immedi- 
ately had a return of forceful contractility. Ven- 
tricular dilatation has not been a problem. In 
most instances, defibrillation has been neces- 


sary to reverse the fibrillation that occurs with 
declamping, but this has caused no difficulties. 
This efficient technique allows a single aortic 
catheter to serve a dual purpose: insertion of 
pressurized cardioplegic solution and left ven- 
tricular venting. 
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A Special Rongeur for Removal 
of Extensively Calcified Mitral Valves 


Alfred T. Culliford, M.D., Arthur D. Boyd, M.D., and Frank C. Spencer, M.D. 


ABSTRACT 
valve disease occurs when calcium extends from the 


A rare complication of advanced mitral 


valve downward along the wall of the left ventricle 
into the ventricular cavity. This unusual condition 
can be recognized on fluoroscopy because the cal- 
cium is visible at right angles to the calcium in the 
valve. The surgeon faces a very difficult technical 
problem because it is hard to obtain adequate expo- 
sure and to remove the calcium without injury to 
adjacent tissues or loss of calcific fragments, with re- 
sulting embolization. Such difficulties were en- 
countered a year ago in a patient undergoing mitral 
and aortic valve replacement and ultimately resulted 
in the patient’s death. After this event, the special 
rongeurs described here were designed. 


Although calcification is common in stenotic 
mitral valves, it usually does not extend com- 
pletely to the mitral annulus and the valve can 
be removed with a circular incision through the 
valve tissue a few millimeters from the annulus. 
If the calcification does extend to the annulus, 
and even beyond it into the surrounding car- 
diac tissues, the calcium must be crosscut with 
special instruments and enough calcium re- 
moved to permit insertion of the prosthetic 
valve but not so much that adjacent tissues are 
harmed or insufficient tissue is left to fit the 
prosthesis in place with sutures. 

A more infrequent form of calcification oc- 
curs when calcium extends from the annulus 
downward into the wall of the left ventricle. 
This rare condition can be recognized on fluoros- 
copy: the calcification of the wall of the left 
ventricle is visible at right angles to the calcified 
valve and in continuity with it. In 1977, a patient 
with this form of intensive calcification was op- 
erated on at New York University Medical 
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Center. All available instruments, including 
neurosurgical, orthopedic, and otolaryngologi- 
cal tools, were inadequate for the technical 
problem of removing calcium from the ven- 
tricular cavity, which was at right angles to the 
operative field. The procedure was performed 
through a median sternotomy with a long inci- 
sion in the left atrium. Eventually the operation 
was completed, combined with replacement of 
the aortic valve, but the patient died two weeks 
later of multiple complications associated with 
a long period of perfusion. 

After this experience, Pilling Company was 
asked to design some new rongeurs specifically 
for this problem (Figure). These rongeurs have 
several unique features. They are of adequate 
length to reach the mitral valve annulus 
through a sternotomy incision. They are stout 
and sharp enough to debride cleanly through 
dense calcium. This series of rongeurs consists 
of three different instruments to facilitate access 
to difficult areas—a straight rongeur, a 45- 
degree angle rongeur, and a 90-degree angle 
rongeur. Since their development about a year 
ago, these rongeurs have been employed suc- 
cessfully in several patients with extensive cal- 
cification. They are clearly superior to all in- 
struments available in our unit over the past 
decade. 

Before operation, possible difficulties with 
the calcification can be assessed by careful 
evaluation of the motion of calcium in the mi- 
tral valve at the time of angiography. In the pa- 
tient referred to earlier, the calcium involved 
not only the mitral valve leaflets, but also the 
entire circumference of the annulus and the 
posterior wall of the left ventricle. In another 
patient, marked calcification extended from the 
middle part of the leaflets through the annulus 
and a small amount of calcification extended 
along the posterior wall of the left ventricle. 
When these alarming radiographic features are 
recognized, appropriate plans can be made for 
excision at operation. 
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Newly designed mitral valve rongeurs are of adequate 
length to reach the mitral valve area through a ster- 
notomy incision. The shaft and handles are stout and do 
not yield during the extremes of pressure required to 
fracture calcification. They are available in a 45-degree 
angle.and a 90-degree angle as well as straight. The 
cutting edge is approximately 3 cm by 1 cm. 


NOTE 


A Suction Instrument for Coronary 
Artery and Pediatric Cardiac Surgery 


Albert D. Pacifico, M.D. 


ABSTRACT A suction instrument that is useful in 
the small heart and for maintaining clear visibility 
during direct coronary artery revascularization is de- 
scribed. The instrument permits a variable degree of 
suction intensity which allows it to be used atrau- 
matically. 


This suction instrument* has a smooth 
rounded tip to prevent local trauma and mul- 
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tiple end holes to avoid adherence to delicate 
tissues. The magnitude of suction force is easily 
varied by digitally occluding the venting side 
hole on its proximal shaft. The longer size (71/2 
inches or 18.75 cm) is particularly useful during 
coronary artery operations to aspirate at the site 
of distal coronary anastomoses, obviating the 
need for felt blotters, and is also especially 
useful during intracardiac operation in small 
children. The smaller size (51⁄2 inches or 13.75 
cm) is designed for use in neonates. 


The instrument has a convenient handle and a side hole 
to permit variation in suction intensity. 
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CORRESPONDENCE 


Retrograde Aortic Dissection 


To the Editor: 

In the paper “Retrograde Aortic Dissection during 
Cardiopulmonary Bypass: ‘Nonoperative’ Manage- 
ment” by Drs. Carey, Skow, and Scott (Ann Thorac 
Surg 24:44, 1977), much emphasis was placed on the 
need for immediate discontinuation of cardiopulmo- 
nary bypass and aortic recannulation when aortic 
dissection occurs. However, we think there are cir- 
cumstances that could modify this mode of treat- 
ment. 

Our only recognized case of retrograde dissection 
occurred three months ago during aortic valve re- 
placement. The patient’s valve had been excised and 
more than half of the sutures placed in the annulus 
when bleeding from the aortotomy made us aware of 
slippage of the cross-clamp. After a new instrument 
was applied, the distal aorta was found to be bluish 
and markedly enlarged, and a dissection was visible 
in the aortotomy. Release of the clamp produced 
bleeding that came almost exclusively from the false 
lumen. We were aware of the report under discus- 
sion, but the ascending aorta above the clamp was 
very short and very large and we did not consider it 
safe to attempt cannulation. We elected to lower the 
perfusion pressure by diminishing bypass flow, 
monitor urinary output, pupillary size, and reaction 
closely, and continue procedure at maximum speed. 

Once the prosthetic valve was in place, the as- 
cending aorta was cannulated below the cross-clamp 
and with direct vision of the true lumen through the 
aortotomy. Sutures were placed in the entire thick- 
ness of the wall and buttressed with Teflon felt, 
which also was used to reinforce the aortotomy clo- 
sure. The cannula also allowed us to remove air from 
the root of the aorta. The cross-clamp was released 
and the arterial infusion line was moved to the new 
site. Very little further extracorporeal circulation was 
needed since the heart required only one defibrillat- 
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ing attempt and was able to support circulation al- 
most immediately. 

Recovery was uneventful. No hypertension de- 
veloped, all peripheral pulses were normal, and no 
renal or neurological deterioration was detected 
during or after the operation. This case supports the 
opinion of Drs. Carey, Skow, and Scott that no addi- 
tional operative intervention is needed to correct the 
dissection. 

We certainly do not advocate that cardiopulmonary 
bypass be continued in all similar instances. How- 
ever, in this particular one, we had an aortotomy and 
did not think it safe to cannulate the vessel above the 
clamp. We thought cannulation of the false lumen, 
which has been reported, was likely [1]. Also, we did 
not have enough space to cannulate between the 
clamp and the incision, and then reapply the instru- 
ment further down, which would have been the pro- 
cedure of choice. The length of perfusion after the 
dissection was noted was about thirty minutes, and 
no complications developed. 

We believe that retrograde dissection is different 
from spontaneous dissecting aneurysm in that blood 
pressure is not pulsatile and can be controlled by 
changing bypass flow. Also, in most instances, there 
are no weaknesses of the arterial wall, such as 
cystic medial necrosis. We think that under the 
circumstances described, extracorporeal circulation 
can be maintained for a short period of time. 


F. Gosalbez, M.D. 
J. L; Cofino, M.D. 
J. L. Naya, M.D. 
F. A. de Linera, M.D. 


Department of Thoracic Surgery, Hospital General de 
Asturias, Oviedo, Spain 
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. Treatment of Unstable Angina and Coronary Insufficiency 

. Treatment of Angina in the Immediate Postinfarction Period 

19. Treatment of Miscellaneous Complications of Acute 


Manual of Myocardial Infarction: Pericarditis, Pulmonary Embolism, 


Arterial Embolism, and Myocardial Rupture 
Coronary Care 20. Modification of Myocardial Infarction Size 
21. Anticoagulants in Acute Myocardial Infarction 

By Joseph S. Alpert, M.D. 22. Electrical Cardioversion: Indications and Procedure 

Harvard Medical School, 23. Counterpulsation in Patients with Myocardial Infarction or 

Boston; and Unstable Angina: Indications and Procedure 
Gary S. Francis, M.D. 24. Flow-directed Catheter Insertion, Arterial Line Insertion, 
and Interpretation of Data 
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26. Cardiac Rehabilitation and Follow-up of Patients after Discharge 
from the Hospital 
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that occur in the CCU. Step-by-step protocols 
Richard Wagner, M.D. thenclearly outline procedures for handling 


Deaconess Hospital every aspect of coronary care. 

ih Sl ana Manual of Coronary Care is a book you 
will want to own and use. Order your copy 
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Order Now Please send me copies of MANUAL OF CORONARY CARE 
by Alpert and Francis, #034991-88A1, $10.95 (Publisher pays 
postage and handling if payment accompanies order. 
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Medical Division 
200 West Street 

















Waltham, Massachusetts 02154 || Check enclosed. | Please bill me. 
Name oe E | A qos 
PAEMTOSR LE ————— 
City, Tula State and Zip c. E v 








(In Canada, order directly from J. B. Lippincott of Canada, Limited, 


mco -—A- Mbit WEQU AMA ATC 





Cardiac Pacemakers, | 
4100 North Hamline Av 
P.O. Box 43079 

» St Paul, Minnesota 55: 


WE'RE DEFINING THE 
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CLASSIFIED ADS 


Classified ads for meeting announcements, postgraduate 
courses, and positions wanted or available must relate only 
to the thoracic and cardiovascular surgical specialities. All 
ads are subject to the approval of the Editor, and material 
deemed inappropriate for publication in The Annals will be 
rejected. The charge for all classified advertising is $25.00 
per 50 words per issue. Prepayment is required. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired when advertising a position wanted 
or available, please indicate this at the time of submission 
and a code number will be assigned. All responses received 
will remain confidential in The Annals Editorial Office and 
will be conveyed to the advertiser shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the desired issue. Send ad and 
nonrefundable check (in the amount of $25 for every 50 
words times number of issues the ad is to run), payable to 
The Annals of Thoracic Surgery, to: Herbert Sloan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7079 University 
Hospital, Ann Arbor, MI 48109. 


SITUATIONS WANTED 


Cardiovascular and thoracic surgeon, 36, seeking to relo- 
cate. University trained, ABS, ABTS certified, two years' 
experience in active private cardiac practice. Prefers West 
Coast, but will consider other areas. Available immediately. 


Please respond to W-181, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Young, certified, cardiothoracic surgeon, presently in aca- 
demic practice, seeks association with group or partner- 
ship. Cardiac and thoracic practice preferred. Available 
immediately; no geographic preference. Curriculum vitae 
and bibliography upon request. 


Please respond to W-198, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 34, university 
trained, ABS, ABTS certified, completing Berry Plan, June, 
1980, seeks position with group or partnership. No geo- 
graphic preference. 


Please respond to W-200, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiac and thoracic surgeon, 5 years' full-time experience 
in major teaching center with all forms of cardiac and 
thoracic surgery, desires relocation in private setting at 
smaller institution, preferably in the East or upper Mid- 
west. 


Please respond to W-203, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 32, university 
trained, seeks position. Experienced in adult cardiac, 
thoracic, and peripheral vascular surgery. Available July, 
1980. 


Please respond to W-204, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


A-24 


l——————— À—— E 
Cardiovascular and thoracic surgeon, 35, 21 years of pri- 
vate group practice, desires to relocate with similar group in 
southern city. Trained at major midwestern center, ABS, 
ABTS certified. Experience includes adult cardiac, thoracic, 
and major and peripheral vascular surgery and endoscopy. 


Please respond to W-206, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, ABS certified, ABTS 
eligible, university trained, seeks association in group or 
partnership, or faculty position in university. No geo- 
graphical preference. Available from July, 1980. 


Please respond to W-207, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





SITUATIONS AVAILABLE 


Special fellowship in cardiac surgery available January 1, 
1980. 


Please respond to Floyd D. Loop, M.D., Department of 
Thoracic and Cardiovascular Surgery, Cleveland Clinic 
Foundation, 9500 Euclid Ave, Cleveland, OH 44106. 


Cardiac surgeon needed for group performing 300 to 400 
cardiac surgical cases per year. Volume expected to in- 
crease. 


Please respond to A-136, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Established noncardiac thoracic peripheral vascular sur- 
geon seeking associate. Located in central Connecticut. 
Corporate benefits and excellent future. 


Please respond to A-140, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Fellowship in Thoracic Surgery available January 1, 1980. 
Seeking individual eligible for examination or certified by 
American Board of Thoracic Surgery. Experience with 
pulmonary-esophageal-mediastinal work offered. Research 
opportunities and academic training available for those in- 
terested. 


Please respond to John R. Benfield, M.D., Chairman of the 
Division of Surgery, City of Hope Medical Center, Duarte, 
CA 91010. 


Thoracic surgeon wanted to join two-man group in eastern 
Massachusetts. No open-heart performed. Applicant must 
be ABTS eligible or certified. Prefer recent graduate. 


Please respond to A-142, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Multispecialty group in Midwest seeks associate surgeon in 
department of cardiac/thoracic surgery. Established gen- 
eral, thoracic, and vascular surgery practice with growing 
cardiac surgery practice. Medical school affiliation avail- 
able. Must be ABTS eligible or certified. 


Please send curriculum vitae to James R. Reynolds, M.D., 
Central Plains Clinic, Ltd, 2727 S Kiwanis Ave, Sioux Falls, 
SD 57105. 








Clinical fellowships in thoracic and cardiovascular surgery, 
July, 1980. Salary of $22,500 plus certain fringe benefits. 
University orientation with large volume of cardiac as well 
as peripheral vascular and thoracic surgery. Eligibility 
training equivalent for General Surgery Boards. 


Please respond to C. J. Lambert, M.D., Cardiac, Vascular 
and Thoracic Surgical Associates of Dallas, 3434 Swiss, 
Dallas, TX 75204. 


Cardiovascular surgeon wanted to join midwestern private 
practice limited to cardiac surgery. Applicant must be ABTS 
certified or eligible and have demonstrated interest in 
pediatric surgery. Postgraduate training in same desirable 
to help expand pediatric practice in large, university- 
affiliated teaching hospital. 


Please send curriculum vitae to A-146, The Annals of 
Thoracic Surgery, C-7079 University Hospital, Ann Arbor, 
MI 48109. 


Pediatric cardiovascular surgeon wanted to join full-time 
academic staff. 


Please send curriculum vitae including pediatric cardiac ex- 
perience to Frank M. Midgley, M.D., Chairman, Cardio- 
vascular Surgery, Children's Hospital National Medical 
Center, Washington, DC 20010. 


Research cardiovascular surgical fellowship available on or 
before October 1, 1979. 


Please respond to Stanley K. Brockman, M.D., Director, 
Division of Cardiothoracic Surgery, Jefferson Medical 
College, 1025 Walnut St, Philadelphia, PA 19107; tel: 
(215) 928-6996. 


Cardiac surgeon with intense experience in open-heart sur- 
gery in infants and children and adult cardiac cases desired 
to join geographic full-time program with established 
university-affiliated cardiac surgical program. 


Send curriculum vitae with letters of reference to Norman B. 
Thomson, Jr., M.D., Director of Cardio Thoracic Surgery, 
St. Francis Hospital, Port Washington Blvd, Roslyn, NY 
11576. 





Pediatric cardiac anesthesiologist with experience in 
open-heart surgery in infants and children and adult car- 
diac experience desired to join geographic full-time pro- 
gram with established university-affiliated cardiac surgical 
program. 


Send curriculum vitae with letters of reference to Norman B. 
Thomson, Jr., M.D., Director of Cardio Thoracic Surgery, 
St. Francis Hospital, Port Washington Blvd, Roslyn, NY 
11576. 


Cardiovascular and thoracic surgeon, Board-certified or 
eligible, wanted to join established thoracic and cardiovas- 
cular surgeon in active midwestern regional medical center. 
Practice limited to thoracic, vascular, and cardiac surgery. 


Please send curriculum vitae to A-151, The Annals of 
Thoracic Surgery, C-7079 University Hospital, Ann Arbor, 
MI 48109. 


First-year position available to begin July, 1980. Fully- 
approved two-year cardiothoracic residency in Northeast. 


Please respond with curriculum vitae to A-152, The Annals 
of Thoracic Surgery, C-7079 University Hospital, Ann 
Arbor, MI 48109. 


Cardiovascular surgeon wanted in community hospital, 
Florida east coast. Unique opportunity for right physician 
to initiate his own open-heart program. Should be Ameri- 
can trained, preferably in academic medicine, in practice 
at least 3 years after training with 500 or more cases as the 
primary surgeon, mortality statistics at or better than na- 
tional norms, and skill in interpersonal relationships. 


Please respond to A-153, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Full-time cardiothoracic staff surgeon wanted to join car- 
diothoracic team at busy Veterans Administration Medical 
Center affiliated with Harvard Medical School, Boston. Fa- 
cility provides cardiac surgical services for VA's northeast 
region. Research opportunities and academic appointment. 


Send curriculum vitae to Chilton Crane, M.D., Chief, Sur- 
gical Service, VA Medical Center, 1400 VFW Parkway, Bos- 
ton, MA 02132. Equal Opportunity/Affirmative Action 
Employer. 





Thoracic and cardiovascular surgeon with ABTS certifica- 
tion or eligibility wanted to join two busy surgeons in Bos- 
ton. University-affiliated practice limited to thoracic and 
cardiac surgery. 


Please send curriculum vitae to A-155, The Annals of 
Thoracic Surgery, C-7079 University Hospital, Ann Arbor, 
MI 48109. 


Experienced cardiac surgeon wanted to develop open-heart 
surgery program. Presently performing 30 catheterizations 
per month and referring 100 patients per year for operation. 
Association with large multispecialty group. 


Please submit curriculum vitae to Mr. Wyman Taylor, Ad- 
ministrator, Great Falls Clinic, 1220 Central Ave, Great 
Falls, MT 59401. 


Thoracic and cardiovascular surgeon wanted. Full-time 
academic position for Board-eligible or certified thoracic 
surgeon with interest in pediatric and adult cardiovascular 
surgery as well as pulmonary and esophageal problems. 


Send curriculum vitae to Jack G. Copeland, M.D., Section of 
Cardiothoracic Surgery, Arizona Health Sciences Center, 
Tucson, AZ 85724; tel: (602) 626-7813. Equal Oppor- 
tunity/Affirmative Action Employer. 


MEETING ANNOUNCEMENTS 


Second International Symposium on Psychopathological 
and Neurological Dysfunctions following Open-Heart 
Surgery, March 5-7, 1980, Marc Plaza Hotel, Milwaukee, 
WI. 


Contact Jeremy M. Katz, Ph.D., Symposium Director, 
Medical College of Wisconsin, Milwaukee County Mental 
Health Center, 9191 Watertown Plank Rd, Milwaukee, 
WI 53226; tel (414) 257-7510 or (414) 257-7508. 


Preparation of Manuscript 


Illustrations 


Nomenclature and Statistics 


Credits and Permissions 


Reprints 


INFORMATION FOR AUTHORS 


Original manuscripts on thoracic, cardiac, and peripheral vascular surge! 
publication in The Annals of Thoracic Surgery with the understanding that t 
this journal. Send manuscripts preferably by certified or registered mail 
Editor, The Annals of Thoracic Surgery, C-7079 University Hospital, Ann . 


The Annals welcomes correspondence. Letters are reviewed according to the 
contributions. Unsigned letters cannot be published. 


Type entire manuscript double-spaced on standard-sized paper, using sta: 
pages consecutively in this order: title page, abstract, text, references, ti 
thor's name and page number in the upper right corner of each page. Subm 
duplicate with duplicate illustrations; retain a copy of the typescript. Provid 
mately 150 words for an original article or collective review. Abstracts for 
"how to do it” articles may be shorter. 


Page Charges. Original articles exceeding a maximum of 9 printed pages i 
charge of $100 per page. There are approximately 700 words on one print 
standard elite type, double-spaced typewritten page with 1/2” margins a 
250 words. Therefore, to stay within the maximum limit, manuscripts shot 
25 typed pages, including references, and proportionally less if figures ar 


Title Page. Give the paper a brief title. On page 1 of the manuscript gi’ 
highest degree, institutional affiliations (limit to two), and location. If the r 
at a scientific meeting, provide a footnote giving name of meeting, dal 
address for mailing proofs and indicate to whora reprint requests should be sen 


Text. Provide succinct internal headings to clarify the paper's organizatio: 
manuscript page where cited. Cite tables and illustrations by number in t 
and measures in metric units. 


Case Reports. Limit findings to those pert:nent to the case. Negative findi 
should be omitted. 


References. Type double-spaced on pages separate from the text. Arrange 
and number in sequence. Cite in text by number within brackets. Double-« 
Use the following style and Index Medicus journal abbreviations, and gi 
data. Examples: 


Journal article: Munnell ER, Dilling E. Grantham RN, et al: Reapprais: 
(alveolar cell) carcinoma of the lung. Ann Thorac Sur; 
Book: Baum G: Textbook of Pulmonary Diseases. Second 
Brown, 1974 
Chapter in book: Grillo HC: The thorax, in Surgery. Third edition. 
GD Zuidema. Boston, Little, Brown, 1972, p 243 


Tables. Limit the number of tables, restrict them to material best presented | 
length to one manuscript page if possible. Type double-spaced on page: 
Provide a brief title for each table. 


Illustration Legends. Type double-spaced on pages separate from the text. | 
the illustrations. Provide one legend for each illustration or grouped illu 
sequence. 


The Annals can consider only a limited number of illustrations per paper 
ment. Submit original artwork or unmounted original glossy prints (indi 
black and white. (Color may be used only by special arrangement and is su 
line drawing that contains no shading or wash can be reproduced well fron 
line drawing with shading, however, can be best reproduced from the orig 
material must be of good quality, suitable for reproduction and for reduct 
size. Chest roentgenograms should be no smaller than 13 x 18 cm. Identify 
and by author's last name by writing lightly with soft pencil on the back. In 
Accompany photographs of recognizable persons by a signed release frc 
trations should be submitted in duplicate. Do not use paper clips to attac 


Color Illustrations. Color figures of real value to an article will be considere 
the reproduction and printing costs will be borne by The Annals; the author 
$350 for up to six finished illustrations that will fit on one side of a s 
additional figures or special effects. Positive 35 mm color transparencie: 
evaluation; color prints should not be sent without transparencies. The 
carefully and sent with the manuscript, in a separate container or between 
(Glass-mounted slides should not be sent through the mail.) 


Guidelines for Data Reporting (Ann Thorac Surg 24:398, 1977; see also Er1 
25:35, 1978). Authors are referred to these guidelines for appropriate term 
data analysis to be used in submitted manuscripts. 


Obtain and submit with the manuscript written permission to use nonorig 
exceeding 100 words, any table or illustration) from both author and publis 


Reprints should be ordered before publication on the form supplied the 
prints ordered after the press run has been completed will be provided a 


xt Just Another Kid Show 


When it comes to performance for both infant and pediatric 
patients, look to the Shiley 070. The S-070 was specifically 
designed with the infant and pediatric patient in mind. It 
features en anodized aluminum heat exchanger and efficient 
gas transfer. Less priming volume is required and it offers less 
resistance to venous blood flow than other infant and pediatric 
units. The S-070 is substantially more efficient in both oxygen 
and carbon dioxide transfer for recommended blood flow 
rates. The S-070—more than just another kid show! 


See your Shiley Representative for clinical results. 


Shiley, Inc. 
17600 Gillette Avenue 
Irvine, California 92714 


LE (714) 979-0500 
(800) 854-3683 
] e (B00) 854-3684 
Cable: SHILEYSLIRIN 


Telex: 68-5585 
nember of the open heart team Mailing Address 
P.O. Box 11707 
Santa Ana, California 9271 
LC 1612 (8/79) Shiley, Inc. © 197 
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Symposium on the Nutrition 
of the Cancer Patient 


Sponsored by the National Cancer In- 
stitute 


January 10-11, 1980, at the National In- 
stitutes of Health, Building 10, Masur 
Auditorium in Bethesda, MD (USA) 


Basic and clinical presentations will be 
given relating to anorexia, host/tumor 
metabolism, and nutritional support of 
the cancer patient. 


For more information and registration 
contact Jean Cook, Capital Systems 
Group, 6110 Executive Blvd, Rockville, 
MD 20852; tel: (301) 881-9400. 


The Department of Radiology and the Office 
of Continuing Education in the Health Sci- 
ences of the University of California, San 
Diego School of Medicine are offering two 
courses: 


Nuclear Medicine: San Diego, CA, Feb 4-7, 
1980 


Part I: Selected Topics in Nuclear Medicine 
(Feb 4-5) | 
Part Il: Cardiovascular Nuclear Medicine 
Imaging (Feb 6-7) 
Fee for entire course is $325.00 and 23 hr of 
Category | AMA credit will be given; fee for 
half the course is $200.00 and 112 hr of CME 
credit will be given. 


Cardiopulmonary Imaging: San Diego, CA, 
Feb 8-10, 1980 

Fee for entire course is $225.00 and 19 hr of 
Category | AMA credit will be given; fee for 
half the course is $200.00 and 12 hr of credit 
will be given. 


Contact Mary J. Ryals, Radiology, PO Box 
2305, La Jolla, CA 92038; tel: (714) 459-9787. 





Subscription Service 


Attach your mailing 
label here 
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34 Beacon Street 

Boston, MA 02106 


Change of Address? 

Please give us 4 weeks advance notice. Attach the label 
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below. 


Entering a New Subscription? 

Check the box and fill in your name and address be- 
low. Include your check in the amount shown below. 
(To order a gift subscription please attach a separate 
sheet with full instructions and include payment.) 


Renewing? 

Check the box below, include your check in the 
amount shown below — and make sure your mailing 
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A Question, Complaint? 
We can serve you better and faster if you will enclose 
your mailing label with any correspondence. 


Please send The Annals of Thoracic Surgery 
1 Year (12 issues) 
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Electromagnetic 


Blood 
Flowmeters 


e Excellent performance in clinical and research applications 
e Simple, reliable operation 
e Patient protection system 
e Zero flow reference 
e Convenient readout 
e Excellent frequency response 
e Low noise — high resolution 
e Total system compatibility 
e Multiple flow adaptability 
e Compact size 
e Available with two-channel recorders 
e Wide range of blood flow probes available 


Write or call for complete information 
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CAROLINA MEDICAL 
ELECTRONICS, INC. 


P. O. BOX 307, KING, N. C. 27021 USA 
TELEPHONE (919) 983-5132 
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The first AV sequential pacemaker system to totally utilize 
the original CyberLith programming flexibility and reliability 


Compact and light- 
weight, the CyberLith IV 
A-V sequential pacemaker 
(model 259-01) is designed 
to accomodate your pa- 
tient's long-term pacing 
requirements. 

A-V sequential (DVI) 
pacing can increase car- 
diac output to enhance the 
treatment of heart failure 
and sick sinus syndrome. 
This pacing mode can also 
be used to suppress numer- 
ous arrhythmias. 

The CyberLith IV is sub- 
stantially smaller than any 
Other A-V sequential pace- 
maker, weighing one-third 
less than its nearest | 
competitor. It utilizes two 


intermedics CyberLith IV—Brief Summary 


INDICATIONS FOR USE: Implantable cardiac 
pulse generators may be indicated for 
long-term treatment of impulse formation or 
conduction disorders resulting in symptomatic 
bradyarrhythmias, tachyarrhythmias, and heart 
block unresponsive to drug therapy. 


A-V sequential pacing is specifically 
indicated for treatment of conduction 
disorders which require restoration of both rate 
dnd atrio-ventricular synchrony. A-V 


reduced-size unipolar 
leads, and the resulting 
smaller catheter diameters 
facilitate passing these 
leads transvenously. 





Multi-programmable, 
the CyberLith IV offers 15 
rates, 15 pulse width settings 
and 7 sensitivity levels. The 


sequential pacing is also indicated for patients 
with extensive myocardial infarction with A-V 
block and sinus bradycardia. 


CONTRAINDICATIONS AND SIDE EFFECTS: 
There are no known contraindications to the 
use of pacemakers as a medical method for 
control of heart rate. Body rejection 
phenomena, local tissue reaction or skin 
necrosis, muscle and nerve stimulation, 
embolism, and cardiac tamponade have 
been reported. 


PRECAUTIONS: See the "Cautionary Notes" 
section of the Physician's Manual for the 


standard series 522 
CyberLith Programmer per- 
mits selective noninvasive 
programming with all the 
necessary combinations. 


When you make a choice 
for your patient's best in- 
terest, choose CyberLith IV. 





4f Intermedics Inc. 


P.O. Box 617 

Freeport, Texas 77541 
Tel: (713) 233-8611 

Toll free: 1-800-231-2330 


Our business is life™ 


Intermedics cardiac pulse generator to 
be implanted. Discussion includes Possible 
Complications, Environmental Hazards 
(electrocautery, diathermy, defibrillation, 
microwave ovens, home appliances, and 
industrial and special environments), and 
Effects of Drugs on Cardiac Pacing. 


NOTE: CyberLith IV is currently undergoing 
clinical evaluation. 
(O November, 1979, Intermedics, Inc. 


CyberLith IV ™ is a trademark of Intermedics, 
Inc. Freeport, TX. 
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Why should you? i 
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Just one pathogen species missed £ 
antiseptic can cause serious problems. ' s 
why scrubbing and prepping leave no room foi 
compromise with the quality of an antiseptic. 
A small difference in cost is not worth the risk. 













P'BETADINE Microbicides promptly kill a 
ram-positive and gram-negative bacteria, Uncompromising 


ungi, viruses, protozoa and yeasts. antisepsis for scrubbing 
BETADINE Microbicides have been | 


documented specifically by name—and in the and prepping 

same formulations you employ in practice— ® 

in over 650 published reports encompassing 

thousands of clinical procedurés. ® 
BETADINE Microbicides were also chosen 

by NASA for disinfection procedures in Apollo 

splashdowns and in the Skylab mission. ® 


- *In the rare instances of local irritation or sensitivity, 
BETADINE Surgical Scrub*—for surgical ^ discontinue use by the individual. 


scrubbing and patient degerming. 
— BETADINE Solution or BETADINE 


Aerosol Spray—for patient prepping and Purdue Frederick j 
postoperative antisepsis on incisions. ©Copyright 1979, The Purdue Frederick Company/Norwalk, C: 
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